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We present a protocol for designing appropriately extended pi pulses that achieves tunable, thus selective,
electron-nuclear spin interactions with low-driving radiation power. The latter is of great benefit when pi pulses
are displayed over biological samples as it reduces sample heating. Our method is general since it can be applied
to different quantum sensor devices such as nitrogen vacancy centers or silicon vacancy centers. Furthermore,
it can be directly incorporated in commonly used stroboscopic dynamical decoupling techniques to achieve
enhanced nuclear selectivity and control, which demonstrates its flexibility.
I. INTRODUCTION
Nanoscale nuclear magnetic resonance (NMR) emerged as
a promising research field1, with the priority goal of detect-
ing and controlling magnetic field emitters (as nuclear spins)
with high frequency and spatial resolution2–7. This is achieved
with the help of a quantum sensor that appears, e.g., when a
diamond is doped with different impurities resulting in an op-
tically active diamond sample8. Consequently, these impuri-
ties receive the name of color centers9. Among frequent color
centers one can find in diamond, we can mention, e.g., the
nitrogen vacancy (NV) center10,11, or the silicon vacancy cen-
ter12. These carry an electronic spin that allows fast external
control with microwave (MW) radiation, while they can be
initialised and measured with optical fields13,14. In particular,
the NV center is a prominent quantum sensor candidate ow-
ing to its long decay time (or longitudinal relaxation time) of
the order of milliseconds at room temperature1. Furthermore,
at low temperatures of ≈ 3.7 K longitudinal relaxation times
approaching to 103 s have been recently reported15. Another
error source is that affecting the quantum coherence of the
sensor. This mainly appears as a consequence of the interac-
tion among 13C nuclei in the diamond and the NV16. However,
with the help of dynamical decoupling (DD) techniques17, one
can efficiently remove this error source and take the coherence
time T2 to the decay time T117.
From a different perspective, DD techniques are also em-
ployed to couple the NV to a target signal. The latter being
classical electromagnetic radiation18, or the hyperfine fields
emitted by nuclear spins15,19,20. In particular, DD techniques
generate filters that allow the passage of signals with only spe-
cific frequencies21. It is the accuracy of this filter what deter-
mines the fidelity in detection and control on the target sig-
nal. Continuous and pulsed (or stroboscopic) DD schemes are
typically considered. While the former requires to fulfill the
Hartmann-Hahn condition22,23, the latter uses the time spac-
ing among pi pulses to induce a rotation frequency in the NV
matching that of the target signal24. Pulsed DD schemes have
advantages over continuous DD methods such as the achieve-
ment of enhanced frequency selectivity by using large har-
monics of the generated modulation function24,25. Another
advantage is the demonstrated robustness against control er-
rors of certain pulse sequences such as those of the XY fam-
ily26–30. However, the use of large harmonics makes DD se-
quences sensitive to environmental noise, and leads to signal
overlaps which hinders spectral readout25. As we will show,
these issues can be minimised by applying a large static mag-
netic field Bz. Unfortunately, the performance of pulsed DD
techniques under large Bz gets spoiled unless pi pulses are fast,
i.e. highly energetic, compared with nuclear Larmor frequen-
cies (note these are proportional to Bz). This represents a seri-
ous disadvantage, especially when DD sequences act over bi-
ological samples, since fast pi pulses require high MW power
causing damage as a result of the induced heating31.
In this article, we propose a design of amplitude modulated
decoupling pulses that solves these problems and achieves
tunable, hence highly selective, NV-nuclei interactions. This
can be done without fast pi pulses, i.e. with low MW power,
and involving large magnetic fields. We use an NV center
in diamond to illustrate our method, although this is general
thus applicable to arbitrary hybrid spin systems. Furthermore,
our protocol can be incorporated to standard pulsed DD se-
quences such as the widely used XY-8 sequence, demonstrat-
ing its flexibility. We note that a different approach based on
a specific continuous DD method23 has been proposed to op-
erate with NV centers under large Bz fields.
II. MODEL
We consider an NV center coupled to nuclear spins and un-
der an external MW driving. This is described by
H = DS 2z − γeBzS z −
∑
j
ωLIzj + S z
∑
j
~A j · ~I j + Hc, (1)
where D = (2pi)×2.87 GHz, γe = −(2pi)×28.024 GHz/T is the
electronic gyromagnetic ratio, and Bz is applied in the NV axis
(the z axis). The nuclear Larmor frequency ωL = γnBz with γn
the nuclear gyromagnetic ratio. S z = |1〉〈1|− |−1〉〈−1| with |1〉
and |−1〉 the hyperfine levels of the NV. The nuclear spin-1/2
operators Iαj = 1/2 σ
α
j (α = x, y, z) and ~A j is the hyperfine
vector mediating NV-nucleus coupling. The control Hamilto-
nian Hc =
√
2Ω(t)S x cos [ωt − φ] (φ is the pulse phase) with
S x = 1√2 (|1〉〈0| + |−1〉〈0| + H.c.), and ω is the MW driving
frequency on resonance with the |1〉 ↔ |0〉 NV transition. In
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2the rotating frame of DS 2z − γeBzS z, Eq. (1) reads
H =
∑
j
ω j ωˆ j ·~I j + σz2
∑
j
~A j ·~I j + Ω(t)2 (|1〉〈0|e
iφ+H.c.). (2)
The jth nuclear resonance frequency is ω j ≈ ωL − 12Azj, and
ωˆ j = ~ω j/|~ω j| with ~ω j = ωLzˆ − 12 ~A j (note that |~ω j| = ω j).
Furthermore, we call H′c =
Ω(t)
2 (|1〉〈0|eiφ + H.c.).
Pulsed DD methods rely on the stroboscopic application of
the MW driving (i.e. of H′c) leading to periodic pi rotations
in the NV electronic spin. This is described by the effective
Hamiltonian (in the rotating frame of H′c) H = −
∑
j ω j ωˆ j ·
~I j +F(t)
σz
2
∑
j
~A j ·~I j, with the modulation function F(t) taking
periodically the values +1 or −1, depending on the number of
pi pulses on the NV.
A common assumption of standard DD techniques is that pi
pulses are nearly instantaneous, thus highly energetic. How-
ever, in real cases we deal with finite-width pulses such that,
e.g., when caused by a H′c with constant Ω, a time tpi =
pi
Ω
is
needed to produce a pi pulse. This has adverse consequences
on the NV-nuclei dynamics such as the appearance of spuri-
ous resonances1,32,33, or the drastic reduction of the NMR sen-
sitivity at large Bz35. Note that, in Ref.35 a strategy to signal
recovery is also presented, while that approach does not lead
to selective nuclear interactions. However, we will demon-
strate that the introduction of extended pulses with tailored Ω
leads to tunable NV-nuclei interactions with low power MW
radiation.
III. DYNAMICAL DECOUPLINGWITH
INSTANTANEOUS PULSES
We consider the widely used XY-8=XYXYYXYX scheme,
with X (Y) a pi pulse over the x (y) axis. The sequential ap-
plication of XY-8 on the NV leads to a periodic, even, F(t)
that expans in harmonic functions as F(t) =
∑
n fn cos (nωMt),
where fn = 2/T
∫ T
0 F(s) cos (nωMs)ds, and ωM =
2pi
T with T
the period of F(t). See an example of F(t) in the inset of Fig. 1
(a). In the rotating frame of −∑ j ω j ωˆ j · ~I j, Eq. (2) is
H =
∑
n, j
fn cos (nωMt)σz
2
[
Axj I
x
j cos (ω jt)+A
y
jI
y
j sin (ω jt)+A
z
jI
z
j
]
,
(3)
where Ax,yj = |~Ax,yj | with ~Axj = ~A j − (~A j · ωˆ j) ωˆ j, ~Ayj = ωˆ j × ~A j,
and I jx = ~I j · xˆ j, I jy = ~I j · yˆ j with xˆ j = ~Axj/Axj and yˆ j = ~Ayj/Ayj.
Now, one selects a harmonic in the expansion of F(t) and
the period T , to create a resonant interaction of the NV with a
target nucleus (namely the kth nucleus). To this end, in Eq. (3)
we set n = l, and T such that lωM ≈ ωk. After eliminating fast
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 0.5
<latexit sha1_base64="uLIhm0WwV+p7BUz6lrB4Z8M0hRU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkouiy6MZlBXuBNpTJ9KQZOrkwMxFC6CPoStSdL+QL+DZ Oahba+q++Of8/cP7jJYIrbdtfVmVldW19o7pZ29re2d2r7x90VZxKhh0Wi1j2PapQ8Ag7mmuB/UQiDT2BPW96W/i9R5SKx9GDzhJ0QzqJuM8Z1cXozG5ejuoNu2nPRZbBKaEBpdqj+udwHLM0xEgzQZUaOHai3ZxKzZnAWW2YKkwom9IJDgxGNETl5vNdZ+TEjyXRAZL5+3c2p6FSWeiZTEh1oBa9YvifN0i1f+3mPEpSjREzEeP5qSA6JkVlMuYSmRaZ AcokN1sSFlBJmTaHqZn6zmLZZeieNx3D9xeN1k15iCocwTGcggNX0II7aEMHGATwDG/wbk2sJ+vFev2JVqzyzyH8kfXxDbZvivc=</latexit><latexit sha1_base64="uLIhm0WwV+p7BUz6lrB4Z8M0hRU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkouiy6MZlBXuBNpTJ9KQZOrkwMxFC6CPoStSdL+QL+DZ Oahba+q++Of8/cP7jJYIrbdtfVmVldW19o7pZ29re2d2r7x90VZxKhh0Wi1j2PapQ8Ag7mmuB/UQiDT2BPW96W/i9R5SKx9GDzhJ0QzqJuM8Z1cXozG5ejuoNu2nPRZbBKaEBpdqj+udwHLM0xEgzQZUaOHai3ZxKzZnAWW2YKkwom9IJDgxGNETl5vNdZ+TEjyXRAZL5+3c2p6FSWeiZTEh1oBa9YvifN0i1f+3mPEpSjREzEeP5qSA6JkVlMuYSmRaZ AcokN1sSFlBJmTaHqZn6zmLZZeieNx3D9xeN1k15iCocwTGcggNX0II7aEMHGATwDG/wbk2sJ+vFev2JVqzyzyH8kfXxDbZvivc=</latexit><latexit sha1_base64="uLIhm0WwV+p7BUz6lrB4Z8M0hRU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkouiy6MZlBXuBNpTJ9KQZOrkwMxFC6CPoStSdL+QL+DZ Oahba+q++Of8/cP7jJYIrbdtfVmVldW19o7pZ29re2d2r7x90VZxKhh0Wi1j2PapQ8Ag7mmuB/UQiDT2BPW96W/i9R5SKx9GDzhJ0QzqJuM8Z1cXozG5ejuoNu2nPRZbBKaEBpdqj+udwHLM0xEgzQZUaOHai3ZxKzZnAWW2YKkwom9IJDgxGNETl5vNdZ+TEjyXRAZL5+3c2p6FSWeiZTEh1oBa9YvifN0i1f+3mPEpSjREzEeP5qSA6JkVlMuYSmRaZ AcokN1sSFlBJmTaHqZn6zmLZZeieNx3D9xeN1k15iCocwTGcggNX0II7aEMHGATwDG/wbk2sJ+vFev2JVqzyzyH8kfXxDbZvivc=</latexit><latexit sha1_base64="uLIhm0WwV+p7BUz6lrB4Z8M0hRU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuLEkouiy6MZlBXuBNpTJ9KQZOrkwMxFC6CPoStSdL+QL+DZ Oahba+q++Of8/cP7jJYIrbdtfVmVldW19o7pZ29re2d2r7x90VZxKhh0Wi1j2PapQ8Ag7mmuB/UQiDT2BPW96W/i9R5SKx9GDzhJ0QzqJuM8Z1cXozG5ejuoNu2nPRZbBKaEBpdqj+udwHLM0xEgzQZUaOHai3ZxKzZnAWW2YKkwom9IJDgxGNETl5vNdZ+TEjyXRAZL5+3c2p6FSWeiZTEh1oBa9YvifN0i1f+3mPEpSjREzEeP5qSA6JkVlMuYSmRaZ AcokN1sSFlBJmTaHqZn6zmLZZeieNx3D9xeN1k15iCocwTGcggNX0II7aEMHGATwDG/wbk2sJ+vFev2JVqzyzyH8kfXxDbZvivc=</latexit>
h xi
<latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit>
h xi
<latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit>
h xi
<latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit>
h xi
<latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit><latexit sha1_base64="LYv57rJwPiIs051Hg1VUaNCPYYc=">AAAB+3icbVDNSsNAGNz4W+tf1IvgZbEInko igh6LXjxWsD/QhLDZfkmXbjZhdyOWUF9GT6LefAtfwLdxG3PQ1jnNzszCNxNmnCntOF/W0vLK6tp6baO+ubW9s2vv7XdVmksKHZryVPZDooAzAR3NNId+JoEkIYdeOL6e+b17kIql4k5PMvATEgsWMUq0kQL70ONExBywp1ickOA Be7IUArvhNJ0SeJG4FWmgCu3A/vSGKc0TEJpyotTAdTLtF0RqRjlM616uICN0TGIYGCpIAsovygZTfBKlEusR4PL9O1uQRKlJEppMQvRIzXsz8T9vkOvo0i+YyHINgpqI8aKcY53i2RB4yCRQzSeGECqZuRLTEZGEajNX3dR358su ku5Z0zX89rzRuqqGqKEjdIxOkYsuUAvdoDbqIIoe0TN6Q+/W1HqyXqzXn+iSVf05QH9gfXwDBaOUWA==</latexit>
(a)
<latexit sha1_base64="4wISSNJmhEwdiitn2MHmgEQA+yM=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7Cj/rlcpu 1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXl e9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R/BHzsc3fEWK3w==</latexit><latexit sha1_base64="4wISSNJmhEwdiitn2MHmgEQA+yM=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7Cj/rlcpu 1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXl e9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R/BHzsc3fEWK3w==</latexit><latexit sha1_base64="4wISSNJmhEwdiitn2MHmgEQA+yM=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7Cj/rlcpu 1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXl e9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R/BHzsc3fEWK3w==</latexit><latexit sha1_base64="4wISSNJmhEwdiitn2MHmgEQA+yM=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7Cj/rlcpu 1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXl e9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R/BHzsc3fEWK3w==</latexit>
(b)
<latexit sha1_base64="K8gh48Ns56LF0xP9vbTul0KOZ/A=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7SnDWK5Xd qjsXWwYvhzLkqvdKn91+IrIIYxKKG9Px3JT8CdckhcJpsZsZTLkY8QF2LMY8QuNP5qtO2WmYaEZDZPP37+yER8aMo8BmIk5Ds+jNhv95nYzCK38i4zQjjIWNWC/MFKOEzRqzvtQoSI0tcKGl3ZKJIddckL1L0db3FssuQ/O 86lm+uyjXrvNDFOAYTqACHlxCDW6hDg0QMIBneIN3J3SenBfn9Se64uR/juCPnI9vfcSK4A==</latexit><latexit sha1_base64="K8gh48Ns56LF0xP9vbTul0KOZ/A=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7SnDWK5Xd qjsXWwYvhzLkqvdKn91+IrIIYxKKG9Px3JT8CdckhcJpsZsZTLkY8QF2LMY8QuNP5qtO2WmYaEZDZPP37+yER8aMo8BmIk5Ds+jNhv95nYzCK38i4zQjjIWNWC/MFKOEzRqzvtQoSI0tcKGl3ZKJIddckL1L0db3FssuQ/O 86lm+uyjXrvNDFOAYTqACHlxCDW6hDg0QMIBneIN3J3SenBfn9Se64uR/juCPnI9vfcSK4A==</latexit><latexit sha1_base64="K8gh48Ns56LF0xP9vbTul0KOZ/A=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7SnDWK5Xd qjsXWwYvhzLkqvdKn91+IrIIYxKKG9Px3JT8CdckhcJpsZsZTLkY8QF2LMY8QuNP5qtO2WmYaEZDZPP37+yER8aMo8BmIk5Ds+jNhv95nYzCK38i4zQjjIWNWC/MFKOEzRqzvtQoSI0tcKGl3ZKJIddckL1L0db3FssuQ/O 86lm+uyjXrvNDFOAYTqACHlxCDW6hDg0QMIBneIN3J3SenBfn9Se64uR/juCPnI9vfcSK4A==</latexit><latexit sha1_base64="K8gh48Ns56LF0xP9vbTul0KOZ/A=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7SnDWK5Xd qjsXWwYvhzLkqvdKn91+IrIIYxKKG9Px3JT8CdckhcJpsZsZTLkY8QF2LMY8QuNP5qtO2WmYaEZDZPP37+yER8aMo8BmIk5Ds+jNhv95nYzCK38i4zQjjIWNWC/MFKOEzRqzvtQoSI0tcKGl3ZKJIddckL1L0db3FssuQ/O 86lm+uyjXrvNDFOAYTqACHlxCDW6hDg0QMIBneIN3J3SenBfn9Se64uR/juCPnI9vfcSK4A==</latexit>
(c)
<latexit sha1_base64="BkacJ6IWAQbopoR1h+lBj/zMfII=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7ijjrlcpu 1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXl e9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R/BHzsc3f0OK4Q==</latexit><latexit sha1_base64="BkacJ6IWAQbopoR1h+lBj/zMfII=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7ijjrlcpu 1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXl e9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R/BHzsc3f0OK4Q==</latexit><latexit sha1_base64="BkacJ6IWAQbopoR1h+lBj/zMfII=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7ijjrlcpu 1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXl e9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R/BHzsc3f0OK4Q==</latexit><latexit sha1_base64="BkacJ6IWAQbopoR1h+lBj/zMfII=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7ijjrlcpu 1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXl e9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R/BHzsc3f0OK4Q==</latexit>
(d)
<latexit sha1_base64="gG1hatD7kZlj834ZvrBuxbRtuiE=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7Sv+sVyq7 VXcutgxeDmXIVe+VPrv9RGQRxiQUN6bjuSn5E65JCoXTYjczmHIx4gPsWIx5hMafzFedstMw0YyGyObv39kJj4wZR4HNRJyGZtGbDf/zOhmFV/5ExmlGGAsbsV6YKUYJmzVmfalRkBpb4EJLuyUTQ665IHuXoq3vLZZdhuZ 51bN8d1GuXeeHKMAxnEAFPLiEGtxCHRogYADP8AbvTug8OS/O6090xcn/HMEfOR/fgMKK4g==</latexit><latexit sha1_base64="gG1hatD7kZlj834ZvrBuxbRtuiE=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7Sv+sVyq7 VXcutgxeDmXIVe+VPrv9RGQRxiQUN6bjuSn5E65JCoXTYjczmHIx4gPsWIx5hMafzFedstMw0YyGyObv39kJj4wZR4HNRJyGZtGbDf/zOhmFV/5ExmlGGAsbsV6YKUYJmzVmfalRkBpb4EJLuyUTQ665IHuXoq3vLZZdhuZ 51bN8d1GuXeeHKMAxnEAFPLiEGtxCHRogYADP8AbvTug8OS/O6090xcn/HMEfOR/fgMKK4g==</latexit><latexit sha1_base64="gG1hatD7kZlj834ZvrBuxbRtuiE=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7Sv+sVyq7 VXcutgxeDmXIVe+VPrv9RGQRxiQUN6bjuSn5E65JCoXTYjczmHIx4gPsWIx5hMafzFedstMw0YyGyObv39kJj4wZR4HNRJyGZtGbDf/zOhmFV/5ExmlGGAsbsV6YKUYJmzVmfalRkBpb4EJLuyUTQ665IHuXoq3vLZZdhuZ 51bN8d1GuXeeHKMAxnEAFPLiEGtxCHRogYADP8AbvTug8OS/O6090xcn/HMEfOR/fgMKK4g==</latexit><latexit sha1_base64="gG1hatD7kZlj834ZvrBuxbRtuiE=">AAAB5HicbZDLSgNBEEVrfMb4irp00xiE uAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGWODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7Sv+sVyq7 VXcutgxeDmXIVe+VPrv9RGQRxiQUN6bjuSn5E65JCoXTYjczmHIx4gPsWIx5hMafzFedstMw0YyGyObv39kJj4wZR4HNRJyGZtGbDf/zOhmFV/5ExmlGGAsbsV6YKUYJmzVmfalRkBpb4EJLuyUTQ665IHuXoq3vLZZdhuZ 51bN8d1GuXeeHKMAxnEAFPLiEGtxCHRogYADP8AbvTug8OS/O6090xcn/HMEfOR/fgMKK4g==</latexit>
l = 13
<latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit>
l = 15
<latexit sha1_base64="cwQPviEi2+22E6cyFuGNcePJ+9U=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJKLoRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzMao37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3583WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNy06i0Y=</latexit><latexit sha1_base64="cwQPviEi2+22E6cyFuGNcePJ+9U=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJKLoRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzMao37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3583WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNy06i0Y=</latexit><latexit sha1_base64="cwQPviEi2+22E6cyFuGNcePJ+9U=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJKLoRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzMao37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3583WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNy06i0Y=</latexit><latexit sha1_base64="cwQPviEi2+22E6cyFuGNcePJ+9U=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJKLoRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzMao37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3583WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNy06i0Y=</latexit>
l = 33
<latexit sha1_base64="bIbhGNjkhFyKdEjq0fv4vhpBPZU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJLehGKLpxWcFeoA1lMj 1phk4uzEyEEvoIuhJ15wv5Ar6Nk5qFtv6rb87/D5z/eIngStv2l1VaW9/Y3CpvV3Z29/YPqodHXRWnkmGHxSKWfY8qFDzCjuZaYD+RSENPYM+b3uZ+7xGl4nH0oGcJuiGdRNznjOp8JK4bjVG1ZtfthcgqOAXUoFB7VP0cjmOWhhhpJqhSA8dOtJtRqTkTOK8MU4UJZVM6wYHBiIao3G yx65yc+bEkOkCyeP/OZjRUahZ6JhNSHahlLx/+5w1S7V+5GY+SVGPETMR4fiqIjklemYy5RKbFzABlkpstCQuopEybw1RMfWe57Cp0L+qO4ftmrXVTHKIMJ3AK5+DAJbTgDtrQAQYBPMMbvFsT68l6sV5/oiWr+HMMf2R9fAMtPItG</latexit><latexit sha1_base64="bIbhGNjkhFyKdEjq0fv4vhpBPZU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJLehGKLpxWcFeoA1lMj 1phk4uzEyEEvoIuhJ15wv5Ar6Nk5qFtv6rb87/D5z/eIngStv2l1VaW9/Y3CpvV3Z29/YPqodHXRWnkmGHxSKWfY8qFDzCjuZaYD+RSENPYM+b3uZ+7xGl4nH0oGcJuiGdRNznjOp8JK4bjVG1ZtfthcgqOAXUoFB7VP0cjmOWhhhpJqhSA8dOtJtRqTkTOK8MU4UJZVM6wYHBiIao3G yx65yc+bEkOkCyeP/OZjRUahZ6JhNSHahlLx/+5w1S7V+5GY+SVGPETMR4fiqIjklemYy5RKbFzABlkpstCQuopEybw1RMfWe57Cp0L+qO4ftmrXVTHKIMJ3AK5+DAJbTgDtrQAQYBPMMbvFsT68l6sV5/oiWr+HMMf2R9fAMtPItG</latexit><latexit sha1_base64="bIbhGNjkhFyKdEjq0fv4vhpBPZU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJLehGKLpxWcFeoA1lMj 1phk4uzEyEEvoIuhJ15wv5Ar6Nk5qFtv6rb87/D5z/eIngStv2l1VaW9/Y3CpvV3Z29/YPqodHXRWnkmGHxSKWfY8qFDzCjuZaYD+RSENPYM+b3uZ+7xGl4nH0oGcJuiGdRNznjOp8JK4bjVG1ZtfthcgqOAXUoFB7VP0cjmOWhhhpJqhSA8dOtJtRqTkTOK8MU4UJZVM6wYHBiIao3G yx65yc+bEkOkCyeP/OZjRUahZ6JhNSHahlLx/+5w1S7V+5GY+SVGPETMR4fiqIjklemYy5RKbFzABlkpstCQuopEybw1RMfWe57Cp0L+qO4ftmrXVTHKIMJ3AK5+DAJbTgDtrQAQYBPMMbvFsT68l6sV5/oiWr+HMMf2R9fAMtPItG</latexit><latexit sha1_base64="bIbhGNjkhFyKdEjq0fv4vhpBPZU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJLehGKLpxWcFeoA1lMj 1phk4uzEyEEvoIuhJ15wv5Ar6Nk5qFtv6rb87/D5z/eIngStv2l1VaW9/Y3CpvV3Z29/YPqodHXRWnkmGHxSKWfY8qFDzCjuZaYD+RSENPYM+b3uZ+7xGl4nH0oGcJuiGdRNznjOp8JK4bjVG1ZtfthcgqOAXUoFB7VP0cjmOWhhhpJqhSA8dOtJtRqTkTOK8MU4UJZVM6wYHBiIao3G yx65yc+bEkOkCyeP/OZjRUahZ6JhNSHahlLx/+5w1S7V+5GY+SVGPETMR4fiqIjklemYy5RKbFzABlkpstCQuopEybw1RMfWe57Cp0L+qO4ftmrXVTHKIMJ3AK5+DAJbTgDtrQAQYBPMMbvFsT68l6sV5/oiWr+HMMf2R9fAMtPItG</latexit>
l = 35
<latexit sha1_base64="7ko0VbmdY4y5mEFTVauBVAjr9HY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJVnQjFN24rGAv0IYymZ 40QycXZiZCCX0EXYm684V8Ad/GSc1CW//VN+f/B85/vERwpW37yyqtrK6tb5Q3K1vbO7t71f2DjopTybDNYhHLnkcVCh5hW3MtsJdIpKEnsOtNbnO/+4hS8Th60NME3ZCOI+5zRnU+EtfnF8Nqza7bc5FlcAqoQaHWsPo5GMUsDTHSTFCl+o6daDejUnMmcFYZpAoTyiZ0jH2DEQ1Rud l81xk58WNJdIBk/v6dzWio1DT0TCakOlCLXj78z+un2r9yMx4lqcaImYjx/FQQHZO8MhlxiUyLqQHKJDdbEhZQSZk2h6mY+s5i2WXonNUdw/eNWvOmOEQZjuAYTsGBS2jCHbSgDQwCeIY3eLfG1pP1Yr3+REtW8ecQ/sj6+AYwOItI</latexit><latexit sha1_base64="7ko0VbmdY4y5mEFTVauBVAjr9HY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJVnQjFN24rGAv0IYymZ 40QycXZiZCCX0EXYm684V8Ad/GSc1CW//VN+f/B85/vERwpW37yyqtrK6tb5Q3K1vbO7t71f2DjopTybDNYhHLnkcVCh5hW3MtsJdIpKEnsOtNbnO/+4hS8Th60NME3ZCOI+5zRnU+EtfnF8Nqza7bc5FlcAqoQaHWsPo5GMUsDTHSTFCl+o6daDejUnMmcFYZpAoTyiZ0jH2DEQ1Rud l81xk58WNJdIBk/v6dzWio1DT0TCakOlCLXj78z+un2r9yMx4lqcaImYjx/FQQHZO8MhlxiUyLqQHKJDdbEhZQSZk2h6mY+s5i2WXonNUdw/eNWvOmOEQZjuAYTsGBS2jCHbSgDQwCeIY3eLfG1pP1Yr3+REtW8ecQ/sj6+AYwOItI</latexit><latexit sha1_base64="7ko0VbmdY4y5mEFTVauBVAjr9HY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJVnQjFN24rGAv0IYymZ 40QycXZiZCCX0EXYm684V8Ad/GSc1CW//VN+f/B85/vERwpW37yyqtrK6tb5Q3K1vbO7t71f2DjopTybDNYhHLnkcVCh5hW3MtsJdIpKEnsOtNbnO/+4hS8Th60NME3ZCOI+5zRnU+EtfnF8Nqza7bc5FlcAqoQaHWsPo5GMUsDTHSTFCl+o6daDejUnMmcFYZpAoTyiZ0jH2DEQ1Rud l81xk58WNJdIBk/v6dzWio1DT0TCakOlCLXj78z+un2r9yMx4lqcaImYjx/FQQHZO8MhlxiUyLqQHKJDdbEhZQSZk2h6mY+s5i2WXonNUdw/eNWvOmOEQZjuAYTsGBS2jCHbSgDQwCeIY3eLfG1pP1Yr3+REtW8ecQ/sj6+AYwOItI</latexit><latexit sha1_base64="7ko0VbmdY4y5mEFTVauBVAjr9HY=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJVnQjFN24rGAv0IYymZ 40QycXZiZCCX0EXYm684V8Ad/GSc1CW//VN+f/B85/vERwpW37yyqtrK6tb5Q3K1vbO7t71f2DjopTybDNYhHLnkcVCh5hW3MtsJdIpKEnsOtNbnO/+4hS8Th60NME3ZCOI+5zRnU+EtfnF8Nqza7bc5FlcAqoQaHWsPo5GMUsDTHSTFCl+o6daDejUnMmcFYZpAoTyiZ0jH2DEQ1Rud l81xk58WNJdIBk/v6dzWio1DT0TCakOlCLXj78z+un2r9yMx4lqcaImYjx/FQQHZO8MhlxiUyLqQHKJDdbEhZQSZk2h6mY+s5i2WXonNUdw/eNWvOmOEQZjuAYTsGBS2jCHbSgDQwCeIY3eLfG1pP1Yr3+REtW8ecQ/sj6+AYwOItI</latexit>
l = 13
<latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE +aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm8 93nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit>
l = 33
<latexit sha1_base64="bIbhGNjkhFyKdEjq0fv4vhpBPZU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJLehGKLpxWcFeoA1lMj 1phk4uzEyEEvoIuhJ15wv5Ar6Nk5qFtv6rb87/D5z/eIngStv2l1VaW9/Y3CpvV3Z29/YPqodHXRWnkmGHxSKWfY8qFDzCjuZaYD+RSENPYM+b3uZ+7xGl4nH0oGcJuiGdRNznjOp8JK4bjVG1ZtfthcgqOAXUoFB7VP0cjmOWhhhpJqhSA8dOtJtRqTkTOK8MU4UJZVM6wYHBiIao3G yx65yc+bEkOkCyeP/OZjRUahZ6JhNSHahlLx/+5w1S7V+5GY+SVGPETMR4fiqIjklemYy5RKbFzABlkpstCQuopEybw1RMfWe57Cp0L+qO4ftmrXVTHKIMJ3AK5+DAJbTgDtrQAQYBPMMbvFsT68l6sV5/oiWr+HMMf2R9fAMtPItG</latexit><latexit sha1_base64="bIbhGNjkhFyKdEjq0fv4vhpBPZU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJLehGKLpxWcFeoA1lMj 1phk4uzEyEEvoIuhJ15wv5Ar6Nk5qFtv6rb87/D5z/eIngStv2l1VaW9/Y3CpvV3Z29/YPqodHXRWnkmGHxSKWfY8qFDzCjuZaYD+RSENPYM+b3uZ+7xGl4nH0oGcJuiGdRNznjOp8JK4bjVG1ZtfthcgqOAXUoFB7VP0cjmOWhhhpJqhSA8dOtJtRqTkTOK8MU4UJZVM6wYHBiIao3G yx65yc+bEkOkCyeP/OZjRUahZ6JhNSHahlLx/+5w1S7V+5GY+SVGPETMR4fiqIjklemYy5RKbFzABlkpstCQuopEybw1RMfWe57Cp0L+qO4ftmrXVTHKIMJ3AK5+DAJbTgDtrQAQYBPMMbvFsT68l6sV5/oiWr+HMMf2R9fAMtPItG</latexit><latexit sha1_base64="bIbhGNjkhFyKdEjq0fv4vhpBPZU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJLehGKLpxWcFeoA1lMj 1phk4uzEyEEvoIuhJ15wv5Ar6Nk5qFtv6rb87/D5z/eIngStv2l1VaW9/Y3CpvV3Z29/YPqodHXRWnkmGHxSKWfY8qFDzCjuZaYD+RSENPYM+b3uZ+7xGl4nH0oGcJuiGdRNznjOp8JK4bjVG1ZtfthcgqOAXUoFB7VP0cjmOWhhhpJqhSA8dOtJtRqTkTOK8MU4UJZVM6wYHBiIao3G yx65yc+bEkOkCyeP/OZjRUahZ6JhNSHahlLx/+5w1S7V+5GY+SVGPETMR4fiqIjklemYy5RKbFzABlkpstCQuopEybw1RMfWe57Cp0L+qO4ftmrXVTHKIMJ3AK5+DAJbTgDtrQAQYBPMMbvFsT68l6sV5/oiWr+HMMf2R9fAMtPItG</latexit><latexit sha1_base64="bIbhGNjkhFyKdEjq0fv4vhpBPZU=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJLehGKLpxWcFeoA1lMj 1phk4uzEyEEvoIuhJ15wv5Ar6Nk5qFtv6rb87/D5z/eIngStv2l1VaW9/Y3CpvV3Z29/YPqodHXRWnkmGHxSKWfY8qFDzCjuZaYD+RSENPYM+b3uZ+7xGl4nH0oGcJuiGdRNznjOp8JK4bjVG1ZtfthcgqOAXUoFB7VP0cjmOWhhhpJqhSA8dOtJtRqTkTOK8MU4UJZVM6wYHBiIao3G yx65yc+bEkOkCyeP/OZjRUahZ6JhNSHahlLx/+5w1S7V+5GY+SVGPETMR4fiqIjklemYy5RKbFzABlkpstCQuopEybw1RMfWe57Cp0L+qO4ftmrXVTHKIMJ3AK5+DAJbTgDtrQAQYBPMMbvFsT68l6sV5/oiWr+HMMf2R9fAMtPItG</latexit>
34
<latexit sha1_base64="0qo2mX/Ds/UCJ5PJvVIcjVV8+pE=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZJdEl0Y1LNCIkMCE9TQ106Hmku8aEEL5AV0bd+Uf+g H9jg7NQ8K5O172d1K0gVdKQ6345hZXVtfWN4mZpa3tnd6+8f/BgkkwLbIpEJbodcINKxtgkSQrbqUYeBQpbweh65rceURuZxPc0TtGP+CCWoRSc7OjuvNYrV9yqOxdbBi+HCuRq9Mqf3X4isghjEoob0/HclPwJ1ySFwmmpmxlMuRjxAXYsxjxC40/mm07ZSZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMJLfyLjNCOMhY1YL8wUo4TNCrO+1C hIjS1woaXdkokh11yQPUvJ1vcWyy7Dw1nVs3xbq9Sv8kMU4QiO4RQ8uIA63EADmiAghGd4g3cHnSfnxXn9iRac/M8h/JHz8Q3m7oqK</latexit><latexit sha1_base64="0qo2mX/Ds/UCJ5PJvVIcjVV8+pE=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZJdEl0Y1LNCIkMCE9TQ106Hmku8aEEL5AV0bd+Uf+g H9jg7NQ8K5O172d1K0gVdKQ6345hZXVtfWN4mZpa3tnd6+8f/BgkkwLbIpEJbodcINKxtgkSQrbqUYeBQpbweh65rceURuZxPc0TtGP+CCWoRSc7OjuvNYrV9yqOxdbBi+HCuRq9Mqf3X4isghjEoob0/HclPwJ1ySFwmmpmxlMuRjxAXYsxjxC40/mm07ZSZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMJLfyLjNCOMhY1YL8wUo4TNCrO+1C hIjS1woaXdkokh11yQPUvJ1vcWyy7Dw1nVs3xbq9Sv8kMU4QiO4RQ8uIA63EADmiAghGd4g3cHnSfnxXn9iRac/M8h/JHz8Q3m7oqK</latexit><latexit sha1_base64="0qo2mX/Ds/UCJ5PJvVIcjVV8+pE=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZJdEl0Y1LNCIkMCE9TQ106Hmku8aEEL5AV0bd+Uf+g H9jg7NQ8K5O172d1K0gVdKQ6345hZXVtfWN4mZpa3tnd6+8f/BgkkwLbIpEJbodcINKxtgkSQrbqUYeBQpbweh65rceURuZxPc0TtGP+CCWoRSc7OjuvNYrV9yqOxdbBi+HCuRq9Mqf3X4isghjEoob0/HclPwJ1ySFwmmpmxlMuRjxAXYsxjxC40/mm07ZSZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMJLfyLjNCOMhY1YL8wUo4TNCrO+1C hIjS1woaXdkokh11yQPUvJ1vcWyy7Dw1nVs3xbq9Sv8kMU4QiO4RQ8uIA63EADmiAghGd4g3cHnSfnxXn9iRac/M8h/JHz8Q3m7oqK</latexit><latexit sha1_base64="0qo2mX/Ds/UCJ5PJvVIcjVV8+pE=">AAAB43icbZDLTgJBEEVr8IX4Ql266UhMXJEZJdEl0Y1LNCIkMCE9TQ106Hmku8aEEL5AV0bd+Uf+g H9jg7NQ8K5O172d1K0gVdKQ6345hZXVtfWN4mZpa3tnd6+8f/BgkkwLbIpEJbodcINKxtgkSQrbqUYeBQpbweh65rceURuZxPc0TtGP+CCWoRSc7OjuvNYrV9yqOxdbBi+HCuRq9Mqf3X4isghjEoob0/HclPwJ1ySFwmmpmxlMuRjxAXYsxjxC40/mm07ZSZhoRkNk8/fv7IRHxoyjwGYiTkOz6M2G/3mdjMJLfyLjNCOMhY1YL8wUo4TNCrO+1C hIjS1woaXdkokh11yQPUvJ1vcWyy7Dw1nVs3xbq9Sv8kMU4QiO4RQ8uIA63EADmiAghGd4g3cHnSfnxXn9iRac/M8h/JHz8Q3m7oqK</latexit>
36
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<latexit sha1_base64="7O9tEsc7kvcZ8v//dyvvdMwWSeM=">AAAB5XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJKHZZdOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfB snNQtt/VffnP8fOP/xU8GVdpwvq7K2vrG5Vd2u7ezu7R/Yh0ddlWSSYYclIpF9nyoUPMaO5lpgP5VII19gz5/eFn7vEaXiSfygZyl6EZ3EPOCM6mLkXjWaI7vuNJyFyCq4JdShVHtkfw7HCcsijDUTVKmB66Tay6nUnAmc14aZwpSyKZ3gwGBMI1Revth1Ts6CRBIdIlm8f2dzGik1i3yTiagO1bJXDP/zBpkOml7O4zTTGDMTMV6QCaITUlQmYy6Ra TEzQJnkZkvCQiop0+YwNVPfXS67Ct2Lhmv4/rLeuikPUYUTOIVzcOEaWnAHbegAgxCe4Q3erYn1ZL1Yrz/RilX+OYY/sj6+AchtiwM=</latexit><latexit sha1_base64="7O9tEsc7kvcZ8v//dyvvdMwWSeM=">AAAB5XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJKHZZdOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfB snNQtt/VffnP8fOP/xU8GVdpwvq7K2vrG5Vd2u7ezu7R/Yh0ddlWSSYYclIpF9nyoUPMaO5lpgP5VII19gz5/eFn7vEaXiSfygZyl6EZ3EPOCM6mLkXjWaI7vuNJyFyCq4JdShVHtkfw7HCcsijDUTVKmB66Tay6nUnAmc14aZwpSyKZ3gwGBMI1Revth1Ts6CRBIdIlm8f2dzGik1i3yTiagO1bJXDP/zBpkOml7O4zTTGDMTMV6QCaITUlQmYy6Ra TEzQJnkZkvCQiop0+YwNVPfXS67Ct2Lhmv4/rLeuikPUYUTOIVzcOEaWnAHbegAgxCe4Q3erYn1ZL1Yrz/RilX+OYY/sj6+AchtiwM=</latexit><latexit sha1_base64="7O9tEsc7kvcZ8v//dyvvdMwWSeM=">AAAB5XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJKHZZdOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfB snNQtt/VffnP8fOP/xU8GVdpwvq7K2vrG5Vd2u7ezu7R/Yh0ddlWSSYYclIpF9nyoUPMaO5lpgP5VII19gz5/eFn7vEaXiSfygZyl6EZ3EPOCM6mLkXjWaI7vuNJyFyCq4JdShVHtkfw7HCcsijDUTVKmB66Tay6nUnAmc14aZwpSyKZ3gwGBMI1Revth1Ts6CRBIdIlm8f2dzGik1i3yTiagO1bJXDP/zBpkOml7O4zTTGDMTMV6QCaITUlQmYy6Ra TEzQJnkZkvCQiop0+YwNVPfXS67Ct2Lhmv4/rLeuikPUYUTOIVzcOEaWnAHbegAgxCe4Q3erYn1ZL1Yrz/RilX+OYY/sj6+AchtiwM=</latexit><latexit sha1_base64="7O9tEsc7kvcZ8v//dyvvdMwWSeM=">AAAB5XicbZDLSsNAFIZP6q3WW9Slm8EiuCqJKHZZdOOygr1AG8pketIMnVyYmQgl9BF0JerOF/IFfB snNQtt/VffnP8fOP/xU8GVdpwvq7K2vrG5Vd2u7ezu7R/Yh0ddlWSSYYclIpF9nyoUPMaO5lpgP5VII19gz5/eFn7vEaXiSfygZyl6EZ3EPOCM6mLkXjWaI7vuNJyFyCq4JdShVHtkfw7HCcsijDUTVKmB66Tay6nUnAmc14aZwpSyKZ3gwGBMI1Revth1Ts6CRBIdIlm8f2dzGik1i3yTiagO1bJXDP/zBpkOml7O4zTTGDMTMV6QCaITUlQmYy6Ra TEzQJnkZkvCQiop0+YwNVPfXS67Ct2Lhmv4/rLeuikPUYUTOIVzcOEaWnAHbegAgxCe4Q3erYn1ZL1Yrz/RilX+OYY/sj6+AchtiwM=</latexit>
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<latexit sha1_base64="3ndnJLThIDwiRTBvQLiOd1sh47g=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJJEl0Y1LTCyQQEOmwy2dMP3JzNSENLyCroy68 4F8Ad/GAbtQ8Ky+uedMcs/1U8GVtu0vq7SxubW9U96t7O0fHB5Vj0+6KskkQ5clIpF9nyoUPEZXcy2wn0qkkS+w509vF37vEaXiSfygZyl6EZ3EPOCMajNy7XqrcTWq1uy6vRRZB6eAGhTqjKqfw3HCsghjzQRVauDYqfZyKjVnAueVYaYwpWxKJzgwGNMIlZcvl52TiyCRRIdIlu/f2ZxGSs0i32QiqkO16i2G/3mDTActL+dxmmmMmYk YL8gE0QlZdCZjLpFpMTNAmeRmS8JCKinT5jIVU99ZLbsO3UbdMXzfrLVvikOU4QzO4RIcuIY23EEHXGDA4Rne4N0KrSfrxXr9iZas4s8p/JH18Q00Q4s8</latexit><latexit sha1_base64="3ndnJLThIDwiRTBvQLiOd1sh47g=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJJEl0Y1LTCyQQEOmwy2dMP3JzNSENLyCroy68 4F8Ad/GAbtQ8Ky+uedMcs/1U8GVtu0vq7SxubW9U96t7O0fHB5Vj0+6KskkQ5clIpF9nyoUPEZXcy2wn0qkkS+w509vF37vEaXiSfygZyl6EZ3EPOCMajNy7XqrcTWq1uy6vRRZB6eAGhTqjKqfw3HCsghjzQRVauDYqfZyKjVnAueVYaYwpWxKJzgwGNMIlZcvl52TiyCRRIdIlu/f2ZxGSs0i32QiqkO16i2G/3mDTActL+dxmmmMmYk YL8gE0QlZdCZjLpFpMTNAmeRmS8JCKinT5jIVU99ZLbsO3UbdMXzfrLVvikOU4QzO4RIcuIY23EEHXGDA4Rne4N0KrSfrxXr9iZas4s8p/JH18Q00Q4s8</latexit><latexit sha1_base64="3ndnJLThIDwiRTBvQLiOd1sh47g=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJJEl0Y1LTCyQQEOmwy2dMP3JzNSENLyCroy68 4F8Ad/GAbtQ8Ky+uedMcs/1U8GVtu0vq7SxubW9U96t7O0fHB5Vj0+6KskkQ5clIpF9nyoUPEZXcy2wn0qkkS+w509vF37vEaXiSfygZyl6EZ3EPOCMajNy7XqrcTWq1uy6vRRZB6eAGhTqjKqfw3HCsghjzQRVauDYqfZyKjVnAueVYaYwpWxKJzgwGNMIlZcvl52TiyCRRIdIlu/f2ZxGSs0i32QiqkO16i2G/3mDTActL+dxmmmMmYk YL8gE0QlZdCZjLpFpMTNAmeRmS8JCKinT5jIVU99ZLbsO3UbdMXzfrLVvikOU4QzO4RIcuIY23EEHXGDA4Rne4N0KrSfrxXr9iZas4s8p/JH18Q00Q4s8</latexit><latexit sha1_base64="3ndnJLThIDwiRTBvQLiOd1sh47g=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaJJEl0Y1LTCyQQEOmwy2dMP3JzNSENLyCroy68 4F8Ad/GAbtQ8Ky+uedMcs/1U8GVtu0vq7SxubW9U96t7O0fHB5Vj0+6KskkQ5clIpF9nyoUPEZXcy2wn0qkkS+w509vF37vEaXiSfygZyl6EZ3EPOCMajNy7XqrcTWq1uy6vRRZB6eAGhTqjKqfw3HCsghjzQRVauDYqfZyKjVnAueVYaYwpWxKJzgwGNMIlZcvl52TiyCRRIdIlu/f2ZxGSs0i32QiqkO16i2G/3mDTActL+dxmmmMmYk YL8gE0QlZdCZjLpFpMTNAmeRmS8JCKinT5jIVU99ZLbsO3UbdMXzfrLVvikOU4QzO4RIcuIY23EEHXGDA4Rne4N0KrSfrxXr9iZas4s8p/JH18Q00Q4s8</latexit>
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<latexit sha1_base64="36zGu+m44+IsFcV9MmBS9GgWSlU=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQgJLohuXmFgggYZMh1s6YfqTmakJaXgFXRl15 wP5Ar6NA3ah4Fl9c8+Z5J7rp4IrbdtfVmlre2d3r7xfOTg8Oj6pnp71VJJJhi5LRCIHPlUoeIyu5lrgIJVII19g35/dLv3+I0rFk/hBz1P0IjqNecAZ1Wbk2vV2ozmu1uy6vRLZBKeAGhTqjqufo0nCsghjzQRVaujYqfZyKjVnAheVUaYwpWxGpzg0GNMIlZevll2QqyCRRIdIVu/f2ZxGSs0j32QiqkO17i2H/3nDTAdtL+dxmmmMmYk YL8gE0QlZdiYTLpFpMTdAmeRmS8JCKinT5jIVU99ZL7sJvUbdMXzfrHVuikOU4QIu4RocaEEH7qALLjDg8Axv8G6F1pP1Yr3+REtW8ecc/sj6+AY1wYs9</latexit><latexit sha1_base64="36zGu+m44+IsFcV9MmBS9GgWSlU=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQgJLohuXmFgggYZMh1s6YfqTmakJaXgFXRl15 wP5Ar6NA3ah4Fl9c8+Z5J7rp4IrbdtfVmlre2d3r7xfOTg8Oj6pnp71VJJJhi5LRCIHPlUoeIyu5lrgIJVII19g35/dLv3+I0rFk/hBz1P0IjqNecAZ1Wbk2vV2ozmu1uy6vRLZBKeAGhTqjqufo0nCsghjzQRVaujYqfZyKjVnAheVUaYwpWxGpzg0GNMIlZevll2QqyCRRIdIVu/f2ZxGSs0j32QiqkO17i2H/3nDTAdtL+dxmmmMmYk YL8gE0QlZdiYTLpFpMTdAmeRmS8JCKinT5jIVU99ZL7sJvUbdMXzfrHVuikOU4QIu4RocaEEH7qALLjDg8Axv8G6F1pP1Yr3+REtW8ecc/sj6+AY1wYs9</latexit><latexit sha1_base64="36zGu+m44+IsFcV9MmBS9GgWSlU=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQgJLohuXmFgggYZMh1s6YfqTmakJaXgFXRl15 wP5Ar6NA3ah4Fl9c8+Z5J7rp4IrbdtfVmlre2d3r7xfOTg8Oj6pnp71VJJJhi5LRCIHPlUoeIyu5lrgIJVII19g35/dLv3+I0rFk/hBz1P0IjqNecAZ1Wbk2vV2ozmu1uy6vRLZBKeAGhTqjqufo0nCsghjzQRVaujYqfZyKjVnAheVUaYwpWxGpzg0GNMIlZevll2QqyCRRIdIVu/f2ZxGSs0j32QiqkO17i2H/3nDTAdtL+dxmmmMmYk YL8gE0QlZdiYTLpFpMTdAmeRmS8JCKinT5jIVU99ZL7sJvUbdMXzfrHVuikOU4QIu4RocaEEH7qALLjDg8Axv8G6F1pP1Yr3+REtW8ecc/sj6+AY1wYs9</latexit><latexit sha1_base64="36zGu+m44+IsFcV9MmBS9GgWSlU=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaQgJLohuXmFgggYZMh1s6YfqTmakJaXgFXRl15 wP5Ar6NA3ah4Fl9c8+Z5J7rp4IrbdtfVmlre2d3r7xfOTg8Oj6pnp71VJJJhi5LRCIHPlUoeIyu5lrgIJVII19g35/dLv3+I0rFk/hBz1P0IjqNecAZ1Wbk2vV2ozmu1uy6vRLZBKeAGhTqjqufo0nCsghjzQRVaujYqfZyKjVnAheVUaYwpWxGpzg0GNMIlZevll2QqyCRRIdIVu/f2ZxGSs0j32QiqkO17i2H/3nDTAdtL+dxmmmMmYk YL8gE0QlZdiYTLpFpMTdAmeRmS8JCKinT5jIVU99ZL7sJvUbdMXzfrHVuikOU4QIu4RocaEEH7qALLjDg8Axv8G6F1pP1Yr3+REtW8ecc/sj6+AY1wYs9</latexit>
(kHz)
<latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit><latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit><latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit><latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit>
(kHz)
<latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit><latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit><latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit><latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit>
(MHz)
<latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7JjjhJXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8W SW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UVvNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit><latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7JjjhJXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8W SW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UVvNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit><latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7JjjhJXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8W SW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UVvNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit><latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7JjjhJXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8W SW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UVvNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit>
(kHz)
<latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit><latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit><latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit><latexit sha1_base64="sbZ6NDw2x9VTBdIdS7xx+ozPpcU=">AAAB6nicbZDNTgIxFIXv+Iv4h7p000hMcENmjIkuiW5YYiI/BiakU+5AQzszaTsmOOEldGXUnY/jC/g2FpyFgmf19Z7T5J4bJIJr47pfzsrq2vrGZmGruL2zu7dfOjhs6ThVDJssFrHqBFSj4BE2DTcCO4lCKgOB7WB8M/PbD6g0j6M7M0nQl3QY8ZAzauzovqc kqYzrj2f9UtmtunORZfByKEOuRr/02RvELJUYGSao1l3PTYyfUWU4Ezgt9lKNCWVjOsSuxYhK1H42X3hKTsNYETNCMn//zmZUaj2Rgc1IakZ60ZsN//O6qQmv/IxHSWowYjZivTAVxMRk1psMuEJmxMQCZYrbLQkbUUWZsdcp2vreYtllaJ1XPcu3F+XadX6IAhzDCVTAg0uoQR0a0AQGEp7hDd4d4Tw5L87rT3TFyf8cwR85H9+bg41C</latexit>
323.4
<latexit sha1_base64="Eky03n5jFav+HZ9oLbrTy8mVXNs=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaINEl0Y1LTCyQQEOmwy2dMP3JzNSENLyC roy684F8Ad/GAbtQ8Ky+uedMcs/1U8GVtu0vq7SxubW9U96t7O0fHB5Vj0+6KskkQ5clIpF9nyoUPEZXcy2wn0qkkS+w509vF37vEaXiSfygZyl6EZ3EPOCMajNym41mvTWq1uy6vRRZB6eAGhTqjKqfw3HCsghjzQRVauDYqfZyKjVnAueVYaYwpWxKJzgwGNMIlZcvl52TiyCRRIdIlu/f2ZxGSs0i32QiqkO16i2G/3mD TAfXXs7jNNMYMxMxXpAJohOy6EzGXCLTYmaAMsnNloSFVFKmzWUqpr6zWnYduo26Y/i+VWvfFIcowxmcwyU4cAVtuIMOuMCAwzO8wbsVWk/Wi/X6Ey1ZxZ9T+CPr4xsyz4s7</latexit><latexit sha1_base64="Eky03n5jFav+HZ9oLbrTy8mVXNs=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaINEl0Y1LTCyQQEOmwy2dMP3JzNSENLyC roy684F8Ad/GAbtQ8Ky+uedMcs/1U8GVtu0vq7SxubW9U96t7O0fHB5Vj0+6KskkQ5clIpF9nyoUPEZXcy2wn0qkkS+w509vF37vEaXiSfygZyl6EZ3EPOCMajNym41mvTWq1uy6vRRZB6eAGhTqjKqfw3HCsghjzQRVauDYqfZyKjVnAueVYaYwpWxKJzgwGNMIlZcvl52TiyCRRIdIlu/f2ZxGSs0i32QiqkO16i2G/3mD TAfXXs7jNNMYMxMxXpAJohOy6EzGXCLTYmaAMsnNloSFVFKmzWUqpr6zWnYduo26Y/i+VWvfFIcowxmcwyU4cAVtuIMOuMCAwzO8wbsVWk/Wi/X6Ey1ZxZ9T+CPr4xsyz4s7</latexit><latexit sha1_base64="Eky03n5jFav+HZ9oLbrTy8mVXNs=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaINEl0Y1LTCyQQEOmwy2dMP3JzNSENLyC roy684F8Ad/GAbtQ8Ky+uedMcs/1U8GVtu0vq7SxubW9U96t7O0fHB5Vj0+6KskkQ5clIpF9nyoUPEZXcy2wn0qkkS+w509vF37vEaXiSfygZyl6EZ3EPOCMajNym41mvTWq1uy6vRRZB6eAGhTqjKqfw3HCsghjzQRVauDYqfZyKjVnAueVYaYwpWxKJzgwGNMIlZcvl52TiyCRRIdIlu/f2ZxGSs0i32QiqkO16i2G/3mD TAfXXs7jNNMYMxMxXpAJohOy6EzGXCLTYmaAMsnNloSFVFKmzWUqpr6zWnYduo26Y/i+VWvfFIcowxmcwyU4cAVtuIMOuMCAwzO8wbsVWk/Wi/X6Ey1ZxZ9T+CPr4xsyz4s7</latexit><latexit sha1_base64="Eky03n5jFav+HZ9oLbrTy8mVXNs=">AAAB5nicbZDNTsJAFIVv8Q/xD3XpZiIxcUVaINEl0Y1LTCyQQEOmwy2dMP3JzNSENLyC roy684F8Ad/GAbtQ8Ky+uedMcs/1U8GVtu0vq7SxubW9U96t7O0fHB5Vj0+6KskkQ5clIpF9nyoUPEZXcy2wn0qkkS+w509vF37vEaXiSfygZyl6EZ3EPOCMajNym41mvTWq1uy6vRRZB6eAGhTqjKqfw3HCsghjzQRVauDYqfZyKjVnAueVYaYwpWxKJzgwGNMIlZcvl52TiyCRRIdIlu/f2ZxGSs0i32QiqkO16i2G/3mD TAfXXs7jNNMYMxMxXpAJohOy6EzGXCLTYmaAMsnNloSFVFKmzWUqpr6zWnYduo26Y/i+VWvfFIcowxmcwyU4cAVtuIMOuMCAwzO8wbsVWk/Wi/X6Ey1ZxZ9T+CPr4xsyz4s7</latexit>
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FIG. 1. Signal (black-solid) harvested with instantaneous pi pulses,
Bz = 500 G in (a) (b) and Bz = 1 T in (c) (d). Circles and triangles
are the theoretically expected values for 〈σx〉. In (a) we select l =
13, 15 and their signals are clearly separated. In (b) we use l = 33, 35
and observe a spectral overlap (green arrow). In (c) (d) the spectral
overlap is removed owing to a large Bz, while the signal (black-solid)
matches the theoretically expected values. Final sequence time for
(a) (c) is ≈ 0.5 ms, and ≈ 1.2 ms for (b) (d).
rotating terms we get
H ≈ flA
x
k
4
σz[I−k e
i(ωk−lωM)t + H.c.]
+
∑
j,k
flAxj
4
σz[I−j e
i(ω j−lωM)t + H.c.]
+
∑
n,l
∑
j
fnAxj
4
σz[I−j e
i(ω j−nωM)t + H.c.]. (4)
By inspecting the first line of (4), one finds that nuclear spin
addressing at the lth harmonic is achieved when
lωM = l
2pi
T
= ωk. (5)
With this resonance condition, the first line in (4) is the res-
onant term flAxk/4σzI
x
k , while detuned contributions (those in
second and third lines) would average out by the rotating wave
approximation (RWA). More specifically, with Eq. (5) at hand
we can remove the second line in Eq. (4) if
|ω j − ωk |  flAxj/4. (6)
Detuned contributions corresponding to harmonics with n , l
are in the third line of (4). These can be neglected if
|ω j − n/lωk | ≈ ωL(l − n)/l  fnAxj/4 ∀n. (7)
To strengthen condition (6), one can reduce the value of fl
by selecting a large harmonic (see later), while condition (7)
applies better for large values of Bz since ωL ∝ Bz.
Assuming instantaneous pi pulses, standard DD sequences
with constant Ω26–28 lead to | fl| = 4pil , 0 for l odd, even. Thus,
3large harmonics (i.e. with large l) reinforce condition (6) as
they lead to a smaller value for fl. In Fig. 1 we compute the
signal corresponding to the NV observable 〈σx〉 in a sample
that contains 150 13C nuclei (γ13C = (2pi)×10.708 MHz/T). To
obtain sufficient spectral resolution we use large harmonics.
Figure 1 (a) shows the signal for l = 13, 15 and the theoreti-
cally expected values for 〈σx〉 (triangles for l = 13 and circles
for l = 15) that would appear if perfect single nuclear address-
ing is considered36. We observe that the computed signal does
not match with the theoretically expected values. In addition
to a flawed accomplishment of conditions (6, 7), this is also
a consequence of using large harmonics since, for large l, the
period T = 2pil/ωk and the spacing between pi pulses grows,
see inset in Fig. 1(a), spoiling the efficient elimination of the
σzAzjI
z
j terms in Eq. (3) by the RWA. In the inset of Fig. 1 (a)
there is a sketch of the pulse structure we repeatedly apply
(20 times in (a) and (b), while in (c) and (d) that structure is
used 400 times) we to get the signals in Fig. 1, red blocks are
instantaneous pi pulses, while their associated F(t) is in blue.
Working with even larger harmonics introduces the problem
of spectral overlaps. These appear when the signal associated
to a certain harmonic contains resonance peaks corresponding
to other harmonics. In Fig. 1 (b) one can see (green arrow)
how a peak of l = 35 (green circle) is mixed with the signal
of l = 33 (orange triangle). This is an additional disadvantage
since the interpretation of the spectrum gets challenging.
Condition (7) is strengthened using a large Bz as ωL ∝ Bz.
This also implies a larger resonance frequency (namely ωk)
for each nucleus. Addressing large ωk is beneficial since the
period T (note that, in resonance T = 2pil/ωk) and the inter-
pulse spacing get shorter turning into a better cancellation of
σzAzjI
z
j terms. In Fig. (1) (c) (d), we use a large Bz = 1 T and
the spectral overlap is removed, while the computed signal
matches the theoretically expected values (blue triangles).
Unfortunately, to consider pi pulses as instantaneous in sit-
uations with large Bz is not correct, since nuclei have time
to evolve during pi pulse execution leading to signal drop35.
Hence, if one cannot deliver a huge MW power to the sample,
the results in Fig. 1 (c) and (d) are not achievable.
IV. A SOLUTIONWITH EXTENDED PULSES
In realistic situations pi pulses are finite, thus the value of
fl = 2/T
∫ T
0 F(s) cos (lωMs)ds has to be computed by consid-
ering the intrapulse contribution. This is (for a generic mth
pulse) 2/T
∫ tm+tpi
tm
F(s) cos (lωMs) ds, with tpi being the pi pulse
time and tm the instant we start applying MW radiation, see
Fig. 2 (a). In addition, the F(t) function must hold the follow-
ing conditions: Outside the pi pulse region F(t) = ±1, while
F(t) is bounded as −1 ≤ F(t) ≤ 1 ∀t, Fig. 2 (a).
Now, we present a design for F(t) that satisfies the above
conditions, cancels intrapulse contributions, and leads to tun-
able NV-nuclei interactions. In particular, for the mth pulse
F(t) = cos
[
pi(t − tm)/tpi] + ∑
q
αq(t) sin
[
qlωM(t − tp)]. (8)
Here, αq(s) are functions to be adjusted (see later) and tp =
tm + tpi/2 is the central point of the mth pulse, Fig. 2 (a).
We modulate F(s) in the intrapulse region such that (for the
mth pulse)
∫ tm+tpi
tm
F(s) cos (lωMs) ds = 0, this is F(t) can-
cels the intrapulse contribution. Once we have F(t), we find
the associated Rabi frequency Ω(t) with the formula Ω(t) =
∂
∂t arccos[F(t)]
36. Now, the value of the fl coefficient obtained
with the modulated F(t) in Eq. (8) (from now on denoted fml )
depends only on the integral out of pi pulse regions. This can
be calculated leading to36
fml =
4
pil
cos
(
pi
tpi
T/l
)
sin (pil/2), (9)
which is our main result. By modifying the ratio between tpi
(the extended pi pulse length) and T/l we can select a value for
fml and achieve tunable NV-nuclei interactions. According to
Eq. (9), fml can be taken to any amount between − 4lpi and 4lpi ,
see solid-black curve in Fig. 2 (b). In addition, owing to the
periodic character of Eq. (9), one can get an arbitrary value
(between − 4lpi and 4lpi ) for fml even with large tpi. This implies
highly extended pi pulses, thus a low delivered MW power.
On the contrary, for standard pi pulses in the form of top-hat
functions (i.e. generated with constant Ω) one finds36
f thl =
4 sin (pil/2) cos (piltpi/T )
pil(1 − 4l2t2pi/T 2)
. (10)
Unlike fml , the expression for f
th
l shows a decreasing fash-
ion for growing tpi. Note that | f thl | ∝ [tpi/(T/l)]−2. This be-
haviour can be observed in Fig. 2 (b), curve over the yellow
area. Hence, standard top-hat pulses cannot operate with a
large tpi, as this leads to a strong decrease of f thl , thus to signal
loss.
To show the performance of our theory, we select, a gaus-
sian form for α1(t) = a1e−(t−tp)
2/2c2 and set αq(t) = 0, ∀q > 1.
See one example of a modulated F(t) in Fig. (2) (a) (solid-
blue) as well as the behavior of F(t) if common top-hat pi
pulses are used (solid-black). Once we choose the tpi, l, and
c parameters that will define the shape of F(t), we select the
remaining constant a1 such that it cancels the intrapulse con-
tribution, i.e.
∫ tm+tpi
tm
F(s) cos (lωMs) ds = 0. By inspecting
Eq. (8) one easily finds that a natural fashion for a1 is given
by
a1 = −
∫ tm+tpi
tm
cos
[
pi(s − tm)/tpi] cos (lωMs) ds∫ tm+tpi
tm
e−
(s−tp)2
2c2 sin
[
lωM(s − tp)] cos (lωMs) ds . (11)
In Fig. 2 (c) we simulated a sample containing 5 protons37
at an average distance from the NV of ≈ 2.46 nm. Numerical
simulations have been performed starting from Eq. (2) with-
out doing further assumptions. The 5-H target cluster has the
hyperfine vectors (note γH = (2pi) × 42.577 MHz/T) ~A1 =
(2pi)× [−1.84,−3.19,−11.02], ~A2 = (2pi)× [2.38, 5.04,−8.78],
~A3 = (2pi)× [8.09, 2.66,−1.02], ~A4 = (2pi)× [4.26, 2.46, 3.48],
and ~A5 = (2pi)× [4.07, 1.00,−7.09] kHz. We simulate two dif-
ferent sequences, leading to two signals, using our extended
4#10-7
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mth pulse
<latexit sha1_base64="RT6F5ksZftL 19VYRnBY9xzp4Jdg=">AAAB9HicbZC7TsMwFIZPuJZyS2FksaiQmKoEIcFYwcJYJ HqRmqhy3NPWqp1EtlNURX0TmBCw8SS8AG+DWzJAyz99Pv9vnUuUCq6N5305a+sbm 1vbpZ3y7t7+waFbOWrpJFMMmywRiepEVKPgMTYNNwI7qUIqI4HtaHw799sTVJon8Y OZphhKOoz5gDNqbKnnVmQeKEnMiAQkzYTGWc+tejVvIbIKfgFVKNTouZ9BP2GZxN gwQbXu+l5qwpwqw5nAWTnINKaUjekQuxZjKlGH+WL0GTkbJMp2R7J4/87mVGo9lZ HNSGpGetmbF//zupkZXIc5j9PMYMxsxHqDTBCTkPkFSJ8rZEZMLVCmuJ2SsBFVlBl 7p7Jd319edhVaFzXf8v1ltX5THKIEJ3AK5+DDFdThDhrQBAaP8Axv8O5MnCfnxXn 9ia45xZ9j+CPn4xumAJFL</latexit><latexit sha1_base64="RT6F5ksZftL 19VYRnBY9xzp4Jdg=">AAAB9HicbZC7TsMwFIZPuJZyS2FksaiQmKoEIcFYwcJYJ HqRmqhy3NPWqp1EtlNURX0TmBCw8SS8AG+DWzJAyz99Pv9vnUuUCq6N5305a+sbm 1vbpZ3y7t7+waFbOWrpJFMMmywRiepEVKPgMTYNNwI7qUIqI4HtaHw799sTVJon8Y OZphhKOoz5gDNqbKnnVmQeKEnMiAQkzYTGWc+tejVvIbIKfgFVKNTouZ9BP2GZxN gwQbXu+l5qwpwqw5nAWTnINKaUjekQuxZjKlGH+WL0GTkbJMp2R7J4/87mVGo9lZ HNSGpGetmbF//zupkZXIc5j9PMYMxsxHqDTBCTkPkFSJ8rZEZMLVCmuJ2SsBFVlBl 7p7Jd319edhVaFzXf8v1ltX5THKIEJ3AK5+DDFdThDhrQBAaP8Axv8O5MnCfnxXn 9ia45xZ9j+CPn4xumAJFL</latexit><latexit sha1_base64="RT6F5ksZftL 19VYRnBY9xzp4Jdg=">AAAB9HicbZC7TsMwFIZPuJZyS2FksaiQmKoEIcFYwcJYJ HqRmqhy3NPWqp1EtlNURX0TmBCw8SS8AG+DWzJAyz99Pv9vnUuUCq6N5305a+sbm 1vbpZ3y7t7+waFbOWrpJFMMmywRiepEVKPgMTYNNwI7qUIqI4HtaHw799sTVJon8Y OZphhKOoz5gDNqbKnnVmQeKEnMiAQkzYTGWc+tejVvIbIKfgFVKNTouZ9BP2GZxN gwQbXu+l5qwpwqw5nAWTnINKaUjekQuxZjKlGH+WL0GTkbJMp2R7J4/87mVGo9lZ HNSGpGetmbF//zupkZXIc5j9PMYMxsxHqDTBCTkPkFSJ8rZEZMLVCmuJ2SsBFVlBl 7p7Jd319edhVaFzXf8v1ltX5THKIEJ3AK5+DDFdThDhrQBAaP8Axv8O5MnCfnxXn 9ia45xZ9j+CPn4xumAJFL</latexit><latexit sha1_base64="RT6F5ksZftL 19VYRnBY9xzp4Jdg=">AAAB9HicbZC7TsMwFIZPuJZyS2FksaiQmKoEIcFYwcJYJ HqRmqhy3NPWqp1EtlNURX0TmBCw8SS8AG+DWzJAyz99Pv9vnUuUCq6N5305a+sbm 1vbpZ3y7t7+waFbOWrpJFMMmywRiepEVKPgMTYNNwI7qUIqI4HtaHw799sTVJon8Y OZphhKOoz5gDNqbKnnVmQeKEnMiAQkzYTGWc+tejVvIbIKfgFVKNTouZ9BP2GZxN gwQbXu+l5qwpwqw5nAWTnINKaUjekQuxZjKlGH+WL0GTkbJMp2R7J4/87mVGo9lZ HNSGpGetmbF//zupkZXIc5j9PMYMxsxHqDTBCTkPkFSJ8rZEZMLVCmuJ2SsBFVlBl 7p7Jd319edhVaFzXf8v1ltX5THKIEJ3AK5+DDFdThDhrQBAaP8Axv8O5MnCfnxXn 9ia45xZ9j+CPn4xumAJFL</latexit>
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t⇡
<latexit sha1_base64="7YS0mlt4nkf 7i61wm5vQSS2Xbsk=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6 QDKGnU5O06XnQXSOEIf+gK1F3fo8/4N/YibPQxLs6Xfc21K0gVdKQ6345K6tr6xub pa3y9s7u3n7l4LBlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhm5rcfURuZxPc0S dGP+DCWoRSc7KhN/byXymm/UnVr7lxsGbwCqlCo0a989gaJyCKMSShuTNdzU/Jzrkk KhdNyLzOYcjHmQ+xajHmExs/n607ZaZhoRiNk8/fvbM4jYyZRYDMRp5FZ9GbD/7xu RuGVn8s4zQhjYSPWCzPFKGGz1mwgNQpSEwtcaGm3ZGLENRdkb1O29b3FssvQOq95lu 8uqvXr4hAlOIYTOAMPLqEOt9CAJggYwzO8wbvz4Dw5L87rT3TFKf4cwR85H9+IpI1 V</latexit><latexit sha1_base64="7YS0mlt4nkf 7i61wm5vQSS2Xbsk=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6 QDKGnU5O06XnQXSOEIf+gK1F3fo8/4N/YibPQxLs6Xfc21K0gVdKQ6345K6tr6xub pa3y9s7u3n7l4LBlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhm5rcfURuZxPc0S dGP+DCWoRSc7KhN/byXymm/UnVr7lxsGbwCqlCo0a989gaJyCKMSShuTNdzU/Jzrkk KhdNyLzOYcjHmQ+xajHmExs/n607ZaZhoRiNk8/fvbM4jYyZRYDMRp5FZ9GbD/7xu RuGVn8s4zQhjYSPWCzPFKGGz1mwgNQpSEwtcaGm3ZGLENRdkb1O29b3FssvQOq95lu 8uqvXr4hAlOIYTOAMPLqEOt9CAJggYwzO8wbvz4Dw5L87rT3TFKf4cwR85H9+IpI1 V</latexit><latexit sha1_base64="7YS0mlt4nkf 7i61wm5vQSS2Xbsk=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6 QDKGnU5O06XnQXSOEIf+gK1F3fo8/4N/YibPQxLs6Xfc21K0gVdKQ6345K6tr6xub pa3y9s7u3n7l4LBlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhm5rcfURuZxPc0S dGP+DCWoRSc7KhN/byXymm/UnVr7lxsGbwCqlCo0a989gaJyCKMSShuTNdzU/Jzrkk KhdNyLzOYcjHmQ+xajHmExs/n607ZaZhoRiNk8/fvbM4jYyZRYDMRp5FZ9GbD/7xu RuGVn8s4zQhjYSPWCzPFKGGz1mwgNQpSEwtcaGm3ZGLENRdkb1O29b3FssvQOq95lu 8uqvXr4hAlOIYTOAMPLqEOt9CAJggYwzO8wbvz4Dw5L87rT3TFKf4cwR85H9+IpI1 V</latexit><latexit sha1_base64="7YS0mlt4nkf 7i61wm5vQSS2Xbsk=">AAAB6HicbZDLSgNBEEVrfMb4irp00xgEV2FGBF0G3biMYB6 QDKGnU5O06XnQXSOEIf+gK1F3fo8/4N/YibPQxLs6Xfc21K0gVdKQ6345K6tr6xub pa3y9s7u3n7l4LBlkkwLbIpEJboTcINKxtgkSQo7qUYeBQrbwfhm5rcfURuZxPc0S dGP+DCWoRSc7KhN/byXymm/UnVr7lxsGbwCqlCo0a989gaJyCKMSShuTNdzU/Jzrkk KhdNyLzOYcjHmQ+xajHmExs/n607ZaZhoRiNk8/fvbM4jYyZRYDMRp5FZ9GbD/7xu RuGVn8s4zQhjYSPWCzPFKGGz1mwgNQpSEwtcaGm3ZGLENRdkb1O29b3FssvQOq95lu 8uqvXr4hAlOIYTOAMPLqEOt9CAJggYwzO8wbvz4Dw5L87rT3TFKf4cwR85H9+IpI1 V</latexit>
(m+ 1)th pulse
<latexit sha1_base64="hbfm8USp3bDuWmAo+pxDozsZ31M=">AAAB+HicbZDLSsNA FIZP6q3WW1VcuRksQkUoiQi6LLpxWcHaQhPKZHraDp1JwsxEqKHvoitRdz6HL+DbOK1ZaOu/+ub8/3AuYSK4Nq775RSWlldW14rrpY3Nre2d8u7evY5TxbDJYhGrdkg1Ch5h03 AjsJ0opDIU2ApH11O/9YBK8zi6M+MEA0kHEe9zRo0tdcsHVXnqnWS+ksQMiU+SVGicdMsVt+bORBbBy6ECuRrd8qffi1kqMTJMUK07npuYIKPKcCZwUvJTjQllIzrAjsWIStRB Nht/Qo77sbLdkczev7MZlVqPZWgzkpqhnvemxf+8Tmr6l0HGoyQ1GDEbsV4/FcTEZHoF0uMKmRFjC5QpbqckbEgVZcbeqmTX9+aXXYT7s5pn+fa8Ur/KD1GEQziCKnhwAXW4gQ Y0gUEGz/AG786j8+S8OK8/0YKT/9mHP3I+vgFKApIg</latexit><latexit sha1_base64="hbfm8USp3bDuWmAo+pxDozsZ31M=">AAAB+HicbZDLSsNA FIZP6q3WW1VcuRksQkUoiQi6LLpxWcHaQhPKZHraDp1JwsxEqKHvoitRdz6HL+DbOK1ZaOu/+ub8/3AuYSK4Nq775RSWlldW14rrpY3Nre2d8u7evY5TxbDJYhGrdkg1Ch5h03 AjsJ0opDIU2ApH11O/9YBK8zi6M+MEA0kHEe9zRo0tdcsHVXnqnWS+ksQMiU+SVGicdMsVt+bORBbBy6ECuRrd8qffi1kqMTJMUK07npuYIKPKcCZwUvJTjQllIzrAjsWIStRB Nht/Qo77sbLdkczev7MZlVqPZWgzkpqhnvemxf+8Tmr6l0HGoyQ1GDEbsV4/FcTEZHoF0uMKmRFjC5QpbqckbEgVZcbeqmTX9+aXXYT7s5pn+fa8Ur/KD1GEQziCKnhwAXW4gQ Y0gUEGz/AG786j8+S8OK8/0YKT/9mHP3I+vgFKApIg</latexit><latexit sha1_base64="hbfm8USp3bDuWmAo+pxDozsZ31M=">AAAB+HicbZDLSsNA FIZP6q3WW1VcuRksQkUoiQi6LLpxWcHaQhPKZHraDp1JwsxEqKHvoitRdz6HL+DbOK1ZaOu/+ub8/3AuYSK4Nq775RSWlldW14rrpY3Nre2d8u7evY5TxbDJYhGrdkg1Ch5h03 AjsJ0opDIU2ApH11O/9YBK8zi6M+MEA0kHEe9zRo0tdcsHVXnqnWS+ksQMiU+SVGicdMsVt+bORBbBy6ECuRrd8qffi1kqMTJMUK07npuYIKPKcCZwUvJTjQllIzrAjsWIStRB Nht/Qo77sbLdkczev7MZlVqPZWgzkpqhnvemxf+8Tmr6l0HGoyQ1GDEbsV4/FcTEZHoF0uMKmRFjC5QpbqckbEgVZcbeqmTX9+aXXYT7s5pn+fa8Ur/KD1GEQziCKnhwAXW4gQ Y0gUEGz/AG786j8+S8OK8/0YKT/9mHP3I+vgFKApIg</latexit><latexit sha1_base64="hbfm8USp3bDuWmAo+pxDozsZ31M=">AAAB+HicbZDLSsNA FIZP6q3WW1VcuRksQkUoiQi6LLpxWcHaQhPKZHraDp1JwsxEqKHvoitRdz6HL+DbOK1ZaOu/+ub8/3AuYSK4Nq775RSWlldW14rrpY3Nre2d8u7evY5TxbDJYhGrdkg1Ch5h03 AjsJ0opDIU2ApH11O/9YBK8zi6M+MEA0kHEe9zRo0tdcsHVXnqnWS+ksQMiU+SVGicdMsVt+bORBbBy6ECuRrd8qffi1kqMTJMUK07npuYIKPKcCZwUvJTjQllIzrAjsWIStRB Nht/Qo77sbLdkczev7MZlVqPZWgzkpqhnvemxf+8Tmr6l0HGoyQ1GDEbsV4/FcTEZHoF0uMKmRFjC5QpbqckbEgVZcbeqmTX9+aXXYT7s5pn+fa8Ur/KD1GEQziCKnhwAXW4gQ Y0gUEGz/AG786j8+S8OK8/0YKT/9mHP3I+vgFKApIg</latexit>
F (t)
<latexit sha1_base64="k4q8 YMIDGIWMiaJciCCGlbq6cyE=">AAAB5XicbZDLSsNAFIZPvNZ6q 7p0EyxC3ZREBF0WBXFZwV6gDWUyPWmHTi7MnAgl9BF0JerOF/IF fBsnNQtt/VffnP8fOP/xEyk0Oc6XtbK6tr6xWdoqb+/s7u1XDg 7bOk4VxxaPZay6PtMoRYQtEiSxmyhkoS+x409ucr/ziEqLOHqga YJeyEaRCARnlI9ua3Q2qFSdujOXvQxuAVUo1BxUPvvDmKchRsQl 07rnOgl5GVMkuMRZuZ9qTBifsBH2DEYsRO1l811n9mkQK5vGaM/ fv7MZC7Wehr7JhIzGetHLh/95vZSCKy8TUZISRtxEjBek0qbYzi vbQ6GQk5waYFwJs6XNx0wxTuYwZVPfXSy7DO3zumv4/qLauC4OU YJjOIEauHAJDbiDJrSAwxie4Q3erZH1ZL1Yrz/RFav4cwR/ZH1 8Aybpi0I=</latexit><latexit sha1_base64="k4q8 YMIDGIWMiaJciCCGlbq6cyE=">AAAB5XicbZDLSsNAFIZPvNZ6q 7p0EyxC3ZREBF0WBXFZwV6gDWUyPWmHTi7MnAgl9BF0JerOF/IF fBsnNQtt/VffnP8fOP/xEyk0Oc6XtbK6tr6xWdoqb+/s7u1XDg 7bOk4VxxaPZay6PtMoRYQtEiSxmyhkoS+x409ucr/ziEqLOHqga YJeyEaRCARnlI9ua3Q2qFSdujOXvQxuAVUo1BxUPvvDmKchRsQl 07rnOgl5GVMkuMRZuZ9qTBifsBH2DEYsRO1l811n9mkQK5vGaM/ fv7MZC7Wehr7JhIzGetHLh/95vZSCKy8TUZISRtxEjBek0qbYzi vbQ6GQk5waYFwJs6XNx0wxTuYwZVPfXSy7DO3zumv4/qLauC4OU YJjOIEauHAJDbiDJrSAwxie4Q3erZH1ZL1Yrz/RFav4cwR/ZH1 8Aybpi0I=</latexit><latexit sha1_base64="k4q8 YMIDGIWMiaJciCCGlbq6cyE=">AAAB5XicbZDLSsNAFIZPvNZ6q 7p0EyxC3ZREBF0WBXFZwV6gDWUyPWmHTi7MnAgl9BF0JerOF/IF fBsnNQtt/VffnP8fOP/xEyk0Oc6XtbK6tr6xWdoqb+/s7u1XDg 7bOk4VxxaPZay6PtMoRYQtEiSxmyhkoS+x409ucr/ziEqLOHqga YJeyEaRCARnlI9ua3Q2qFSdujOXvQxuAVUo1BxUPvvDmKchRsQl 07rnOgl5GVMkuMRZuZ9qTBifsBH2DEYsRO1l811n9mkQK5vGaM/ fv7MZC7Wehr7JhIzGetHLh/95vZSCKy8TUZISRtxEjBek0qbYzi vbQ6GQk5waYFwJs6XNx0wxTuYwZVPfXSy7DO3zumv4/qLauC4OU YJjOIEauHAJDbiDJrSAwxie4Q3erZH1ZL1Yrz/RFav4cwR/ZH1 8Aybpi0I=</latexit><latexit sha1_base64="k4q8 YMIDGIWMiaJciCCGlbq6cyE=">AAAB5XicbZDLSsNAFIZPvNZ6q 7p0EyxC3ZREBF0WBXFZwV6gDWUyPWmHTi7MnAgl9BF0JerOF/IF fBsnNQtt/VffnP8fOP/xEyk0Oc6XtbK6tr6xWdoqb+/s7u1XDg 7bOk4VxxaPZay6PtMoRYQtEiSxmyhkoS+x409ucr/ziEqLOHqga YJeyEaRCARnlI9ua3Q2qFSdujOXvQxuAVUo1BxUPvvDmKchRsQl 07rnOgl5GVMkuMRZuZ9qTBifsBH2DEYsRO1l811n9mkQK5vGaM/ fv7MZC7Wehr7JhIzGetHLh/95vZSCKy8TUZISRtxEjBek0qbYzi vbQ6GQk5waYFwJs6XNx0wxTuYwZVPfXSy7DO3zumv4/qLauC4OU YJjOIEauHAJDbiDJrSAwxie4Q3erZH1ZL1Yrz/RFav4cwR/ZH1 8Aybpi0I=</latexit>
cos (l!Mt)
<latexit sha1_base64="FKusOQySFaMejRSqlON8wO6fauo=">AAAB+3icb ZDNSgMxFIUz/tb6V3UjuAkWoW7KjAi6LLpxI1SwP9AZhkx624YmkyHJCGUYX0ZXou58C1/AtzGts9DWu/pyzwncc6KEM21c98tZWl5ZXVsvbZQ3t7Z3dit7+20 tU0WhRSWXqhsRDZzF0DLMcOgmCoiIOHSi8fVU7zyA0kzG92aSQCDIMGYDRomxq7By6FOpsxr3pYAhCTNfCXybm9M8rFTdujsbvAheAVVUTDOsfPp9SVMBsaGc aN3z3MQEGVGGUQ552U81JISOyRB6FmMiQAfZLEGOTwZSYTMCPHv/9mZEaD0RkfUIYkZ6Xpsu/9N6qRlcBhmLk9RATK3FaoOUYyPxtAjcZwqo4RMLhCpmr8R0RB ShxtZVtvG9+bCL0D6re5bvzquNq6KIEjpCx6iGPHSBGugGNVELUfSIntEbendy58l5cV5/rEtO8ecA/Rnn4xsRHZRe</latexit><latexit sha1_base64="FKusOQySFaMejRSqlON8wO6fauo=">AAAB+3icb ZDNSgMxFIUz/tb6V3UjuAkWoW7KjAi6LLpxI1SwP9AZhkx624YmkyHJCGUYX0ZXou58C1/AtzGts9DWu/pyzwncc6KEM21c98tZWl5ZXVsvbZQ3t7Z3dit7+20 tU0WhRSWXqhsRDZzF0DLMcOgmCoiIOHSi8fVU7zyA0kzG92aSQCDIMGYDRomxq7By6FOpsxr3pYAhCTNfCXybm9M8rFTdujsbvAheAVVUTDOsfPp9SVMBsaGc aN3z3MQEGVGGUQ552U81JISOyRB6FmMiQAfZLEGOTwZSYTMCPHv/9mZEaD0RkfUIYkZ6Xpsu/9N6qRlcBhmLk9RATK3FaoOUYyPxtAjcZwqo4RMLhCpmr8R0RB ShxtZVtvG9+bCL0D6re5bvzquNq6KIEjpCx6iGPHSBGugGNVELUfSIntEbendy58l5cV5/rEtO8ecA/Rnn4xsRHZRe</latexit><latexit sha1_base64="FKusOQySFaMejRSqlON8wO6fauo=">AAAB+3icb ZDNSgMxFIUz/tb6V3UjuAkWoW7KjAi6LLpxI1SwP9AZhkx624YmkyHJCGUYX0ZXou58C1/AtzGts9DWu/pyzwncc6KEM21c98tZWl5ZXVsvbZQ3t7Z3dit7+20 tU0WhRSWXqhsRDZzF0DLMcOgmCoiIOHSi8fVU7zyA0kzG92aSQCDIMGYDRomxq7By6FOpsxr3pYAhCTNfCXybm9M8rFTdujsbvAheAVVUTDOsfPp9SVMBsaGc aN3z3MQEGVGGUQ552U81JISOyRB6FmMiQAfZLEGOTwZSYTMCPHv/9mZEaD0RkfUIYkZ6Xpsu/9N6qRlcBhmLk9RATK3FaoOUYyPxtAjcZwqo4RMLhCpmr8R0RB ShxtZVtvG9+bCL0D6re5bvzquNq6KIEjpCx6iGPHSBGugGNVELUfSIntEbendy58l5cV5/rEtO8ecA/Rnn4xsRHZRe</latexit><latexit sha1_base64="FKusOQySFaMejRSqlON8wO6fauo=">AAAB+3icb ZDNSgMxFIUz/tb6V3UjuAkWoW7KjAi6LLpxI1SwP9AZhkx624YmkyHJCGUYX0ZXou58C1/AtzGts9DWu/pyzwncc6KEM21c98tZWl5ZXVsvbZQ3t7Z3dit7+20 tU0WhRSWXqhsRDZzF0DLMcOgmCoiIOHSi8fVU7zyA0kzG92aSQCDIMGYDRomxq7By6FOpsxr3pYAhCTNfCXybm9M8rFTdujsbvAheAVVUTDOsfPp9SVMBsaGc aN3z3MQEGVGGUQ552U81JISOyRB6FmMiQAfZLEGOTwZSYTMCPHv/9mZEaD0RkfUIYkZ6Xpsu/9N6qRlcBhmLk9RATK3FaoOUYyPxtAjcZwqo4RMLhCpmr8R0RB ShxtZVtvG9+bCL0D6re5bvzquNq6KIEjpCx6iGPHSBGugGNVELUfSIntEbendy58l5cV5/rEtO8ecA/Rnn4xsRHZRe</latexit>1<latexit sha1_base64="un2Prc Y2OgBO8nch9jD8dtiGjbU=">AAAB4nicbZDLTgJBEEVr8IX4Ql266U hMXJEZY6JLohuXkAiSwIT0NDXQoeeR7hoTMuEHdGXUnZ/kD/g3NjgLB e/qdN3bSd0KUiUNue6XU1pb39jcKm9Xdnb39g+qh0cdk2RaYFskKtHd gBtUMsY2SVLYTTXyKFD4EExu5/7DI2ojk/iepin6ER/FMpSCkx21vE G15tbdhdgqeAXUoFBzUP3sDxORRRiTUNyYnuem5OdckxQKZ5V+ZjDlY sJH2LMY8wiNny8WnbGzMNGMxsgW79/ZnEfGTKPAZiJOY7PszYf/eb2 Mwms/l3GaEcbCRqwXZopRwuZ92VBqFKSmFrjQ0m7JxJhrLshepWLre8 tlV6FzUfcsty5rjZviEGU4gVM4Bw+uoAF30IQ2CEB4hjd4d4bOk/Pi vP5ES07x5xj+yPn4BnFJiko=</latexit><latexit sha1_base64="un2Prc Y2OgBO8nch9jD8dtiGjbU=">AAAB4nicbZDLTgJBEEVr8IX4Ql266U hMXJEZY6JLohuXkAiSwIT0NDXQoeeR7hoTMuEHdGXUnZ/kD/g3NjgLB e/qdN3bSd0KUiUNue6XU1pb39jcKm9Xdnb39g+qh0cdk2RaYFskKtHd gBtUMsY2SVLYTTXyKFD4EExu5/7DI2ojk/iepin6ER/FMpSCkx21vE G15tbdhdgqeAXUoFBzUP3sDxORRRiTUNyYnuem5OdckxQKZ5V+ZjDlY sJH2LMY8wiNny8WnbGzMNGMxsgW79/ZnEfGTKPAZiJOY7PszYf/eb2 Mwms/l3GaEcbCRqwXZopRwuZ92VBqFKSmFrjQ0m7JxJhrLshepWLre8 tlV6FzUfcsty5rjZviEGU4gVM4Bw+uoAF30IQ2CEB4hjd4d4bOk/Pi vP5ES07x5xj+yPn4BnFJiko=</latexit><latexit sha1_base64="un2Prc Y2OgBO8nch9jD8dtiGjbU=">AAAB4nicbZDLTgJBEEVr8IX4Ql266U hMXJEZY6JLohuXkAiSwIT0NDXQoeeR7hoTMuEHdGXUnZ/kD/g3NjgLB e/qdN3bSd0KUiUNue6XU1pb39jcKm9Xdnb39g+qh0cdk2RaYFskKtHd gBtUMsY2SVLYTTXyKFD4EExu5/7DI2ojk/iepin6ER/FMpSCkx21vE G15tbdhdgqeAXUoFBzUP3sDxORRRiTUNyYnuem5OdckxQKZ5V+ZjDlY sJH2LMY8wiNny8WnbGzMNGMxsgW79/ZnEfGTKPAZiJOY7PszYf/eb2 Mwms/l3GaEcbCRqwXZopRwuZ92VBqFKSmFrjQ0m7JxJhrLshepWLre8 tlV6FzUfcsty5rjZviEGU4gVM4Bw+uoAF30IQ2CEB4hjd4d4bOk/Pi vP5ES07x5xj+yPn4BnFJiko=</latexit><latexit sha1_base64="un2Prc Y2OgBO8nch9jD8dtiGjbU=">AAAB4nicbZDLTgJBEEVr8IX4Ql266U hMXJEZY6JLohuXkAiSwIT0NDXQoeeR7hoTMuEHdGXUnZ/kD/g3NjgLB e/qdN3bSd0KUiUNue6XU1pb39jcKm9Xdnb39g+qh0cdk2RaYFskKtHd gBtUMsY2SVLYTTXyKFD4EExu5/7DI2ojk/iepin6ER/FMpSCkx21vE G15tbdhdgqeAXUoFBzUP3sDxORRRiTUNyYnuem5OdckxQKZ5V+ZjDlY sJH2LMY8wiNny8WnbGzMNGMxsgW79/ZnEfGTKPAZiJOY7PszYf/eb2 Mwms/l3GaEcbCRqwXZopRwuZ92VBqFKSmFrjQ0m7JxJhrLshepWLre8 tlV6FzUfcsty5rjZviEGU4gVM4Bw+uoAF30IQ2CEB4hjd4d4bOk/Pi vP5ES07x5xj+yPn4BnFJiko=</latexit>
 1<latexit sha1_base64="yrfvM7 sp3gBhmV0zARp7oIF6k20=">AAAB43icbZDLSgNBEEVr4ivGV9Slm8 YguDHMiKDLoBuXUcwDkhB6OjVJk54H3TVCGPIFuhJ15x/5A/6NnTgLT byr03VvQ93yEyUNue6XU1hZXVvfKG6WtrZ3dvfK+wdNE6daYEPEKtZt nxtUMsIGSVLYTjTy0FfY8sc3M7/1iNrIOHqgSYK9kA8jGUjByY7uz7 x+ueJW3bnYMng5VCBXvV/+7A5ikYYYkVDcmI7nJtTLuCYpFE5L3dRgw sWYD7FjMeIhml4233TKToJYMxohm79/ZzMeGjMJfZsJOY3Mojcb/ud 1UgquepmMkpQwEjZivSBVjGI2K8wGUqMgNbHAhZZ2SyZGXHNB9iwlW9 9bLLsMzfOqZ/nuolK7zg9RhCM4hlPw4BJqcAt1aICAAJ7hDd4ddJ6c F+f1J1pw8j+H8EfOxzfZeoqB</latexit><latexit sha1_base64="yrfvM7 sp3gBhmV0zARp7oIF6k20=">AAAB43icbZDLSgNBEEVr4ivGV9Slm8 YguDHMiKDLoBuXUcwDkhB6OjVJk54H3TVCGPIFuhJ15x/5A/6NnTgLT byr03VvQ93yEyUNue6XU1hZXVvfKG6WtrZ3dvfK+wdNE6daYEPEKtZt nxtUMsIGSVLYTjTy0FfY8sc3M7/1iNrIOHqgSYK9kA8jGUjByY7uz7 x+ueJW3bnYMng5VCBXvV/+7A5ikYYYkVDcmI7nJtTLuCYpFE5L3dRgw sWYD7FjMeIhml4233TKToJYMxohm79/ZzMeGjMJfZsJOY3Mojcb/ud 1UgquepmMkpQwEjZivSBVjGI2K8wGUqMgNbHAhZZ2SyZGXHNB9iwlW9 9bLLsMzfOqZ/nuolK7zg9RhCM4hlPw4BJqcAt1aICAAJ7hDd4ddJ6c F+f1J1pw8j+H8EfOxzfZeoqB</latexit><latexit sha1_base64="yrfvM7 sp3gBhmV0zARp7oIF6k20=">AAAB43icbZDLSgNBEEVr4ivGV9Slm8 YguDHMiKDLoBuXUcwDkhB6OjVJk54H3TVCGPIFuhJ15x/5A/6NnTgLT byr03VvQ93yEyUNue6XU1hZXVvfKG6WtrZ3dvfK+wdNE6daYEPEKtZt nxtUMsIGSVLYTjTy0FfY8sc3M7/1iNrIOHqgSYK9kA8jGUjByY7uz7 x+ueJW3bnYMng5VCBXvV/+7A5ikYYYkVDcmI7nJtTLuCYpFE5L3dRgw sWYD7FjMeIhml4233TKToJYMxohm79/ZzMeGjMJfZsJOY3Mojcb/ud 1UgquepmMkpQwEjZivSBVjGI2K8wGUqMgNbHAhZZ2SyZGXHNB9iwlW9 9bLLsMzfOqZ/nuolK7zg9RhCM4hlPw4BJqcAt1aICAAJ7hDd4ddJ6c F+f1J1pw8j+H8EfOxzfZeoqB</latexit><latexit sha1_base64="yrfvM7 sp3gBhmV0zARp7oIF6k20=">AAAB43icbZDLSgNBEEVr4ivGV9Slm8 YguDHMiKDLoBuXUcwDkhB6OjVJk54H3TVCGPIFuhJ15x/5A/6NnTgLT byr03VvQ93yEyUNue6XU1hZXVvfKG6WtrZ3dvfK+wdNE6daYEPEKtZt nxtUMsIGSVLYTjTy0FfY8sc3M7/1iNrIOHqgSYK9kA8jGUjByY7uz7 x+ueJW3bnYMng5VCBXvV/+7A5ikYYYkVDcmI7nJtTLuCYpFE5L3dRgw sWYD7FjMeIhml4233TKToJYMxohm79/ZzMeGjMJfZsJOY3Mojcb/ud 1UgquepmMkpQwEjZivSBVjGI2K8wGUqMgNbHAhZZ2SyZGXHNB9iwlW9 9bLLsMzfOqZ/nuolK7zg9RhCM4hlPw4BJqcAt1aICAAJ7hDd4ddJ6c F+f1J1pw8j+H8EfOxzfZeoqB</latexit>
#106
3.2744 3.2746 3.2748 3.275 3.2752 3.2754 3.2756 3.2758
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1
h xi
<latexit sha1_base64="IHdyzHimMeq0xuiIxwnM8rXq+h8=">AAAB+XicbZDLSsNAFIYnXmu9RQU3bgaL4K okIuiy6MZlBXuBJoTJ9CQdOpOEmYlYYh9GV6LufA1fwLdxGrPQ1rP6zvn/A+f8YcaZ0o7zZS0tr6yurdc26ptb2zu79t5+V6W5pNChKU9lPyQKOEugo5nm0M8kEBFy6IXj65neuwepWJrc6UkGviBxwiJGiTajwD70OEliDp5i sSDBgyfLNrAbTtMpCy+CW0EDVdUO7E9vmNJcQKIpJ0oNXCfTfkGkZpTDtO7lCjJCxySGgcGECFB+Ud4/xSdRKrEeAS77396CCKUmIjQeQfRIzWuz4X/aINfRpV+wJMs1JNRYjBblHOsUz2LAQyaBaj4xQKhk5kpMR0QSqk1Ydf O+O//sInTPmq7h2/NG66oKooaO0DE6RS66QC10g9qogyh6RM/oDb1bhfVkvVivP9Ylq9o5QH/K+vgGUAKUBA==</latexit><latexit sha1_base64="IHdyzHimMeq0xuiIxwnM8rXq+h8=">AAAB+XicbZDLSsNAFIYnXmu9RQU3bgaL4K okIuiy6MZlBXuBJoTJ9CQdOpOEmYlYYh9GV6LufA1fwLdxGrPQ1rP6zvn/A+f8YcaZ0o7zZS0tr6yurdc26ptb2zu79t5+V6W5pNChKU9lPyQKOEugo5nm0M8kEBFy6IXj65neuwepWJrc6UkGviBxwiJGiTajwD70OEliDp5i sSDBgyfLNrAbTtMpCy+CW0EDVdUO7E9vmNJcQKIpJ0oNXCfTfkGkZpTDtO7lCjJCxySGgcGECFB+Ud4/xSdRKrEeAS77396CCKUmIjQeQfRIzWuz4X/aINfRpV+wJMs1JNRYjBblHOsUz2LAQyaBaj4xQKhk5kpMR0QSqk1Ydf O+O//sInTPmq7h2/NG66oKooaO0DE6RS66QC10g9qogyh6RM/oDb1bhfVkvVivP9Ylq9o5QH/K+vgGUAKUBA==</latexit><latexit sha1_base64="IHdyzHimMeq0xuiIxwnM8rXq+h8=">AAAB+XicbZDLSsNAFIYnXmu9RQU3bgaL4K okIuiy6MZlBXuBJoTJ9CQdOpOEmYlYYh9GV6LufA1fwLdxGrPQ1rP6zvn/A+f8YcaZ0o7zZS0tr6yurdc26ptb2zu79t5+V6W5pNChKU9lPyQKOEugo5nm0M8kEBFy6IXj65neuwepWJrc6UkGviBxwiJGiTajwD70OEliDp5i sSDBgyfLNrAbTtMpCy+CW0EDVdUO7E9vmNJcQKIpJ0oNXCfTfkGkZpTDtO7lCjJCxySGgcGECFB+Ud4/xSdRKrEeAS77396CCKUmIjQeQfRIzWuz4X/aINfRpV+wJMs1JNRYjBblHOsUz2LAQyaBaj4xQKhk5kpMR0QSqk1Ydf O+O//sInTPmq7h2/NG66oKooaO0DE6RS66QC10g9qogyh6RM/oDb1bhfVkvVivP9Ylq9o5QH/K+vgGUAKUBA==</latexit><latexit sha1_base64="IHdyzHimMeq0xuiIxwnM8rXq+h8=">AAAB+XicbZDLSsNAFIYnXmu9RQU3bgaL4K okIuiy6MZlBXuBJoTJ9CQdOpOEmYlYYh9GV6LufA1fwLdxGrPQ1rP6zvn/A+f8YcaZ0o7zZS0tr6yurdc26ptb2zu79t5+V6W5pNChKU9lPyQKOEugo5nm0M8kEBFy6IXj65neuwepWJrc6UkGviBxwiJGiTajwD70OEliDp5i sSDBgyfLNrAbTtMpCy+CW0EDVdUO7E9vmNJcQKIpJ0oNXCfTfkGkZpTDtO7lCjJCxySGgcGECFB+Ud4/xSdRKrEeAS77396CCKUmIjQeQfRIzWuz4X/aINfRpV+wJMs1JNRYjBblHOsUz2LAQyaBaj4xQKhk5kpMR0QSqk1Ydf O+O//sInTPmq7h2/NG66oKooaO0DE6RS66QC10g9qogyh6RM/oDb1bhfVkvVivP9Ylq9o5QH/K+vgGUAKUBA==</latexit>
l = 13
<latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAX aEOZTE+aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7Vh qjChbEonODAY0RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexi t><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAX aEOZTE+aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7Vh qjChbEonODAY0RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexi t><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAX aEOZTE+aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7Vh qjChbEonODAY0RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexi t><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAX aEOZTE+aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7Vh qjChbEonODAY0RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexi t>
1<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
0.95
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
0.80
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
0.90
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
0.85
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
0.75
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
(MHz)
<latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7Jjjh JXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8WSW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UV vNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit><latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7Jjjh JXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8WSW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UV vNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit><latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7Jjjh JXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8WSW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UV vNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit><latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7Jjjh JXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8WSW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UV vNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit>
!M/(2⇡)
<latexit sha1_base64="n3VgHy40fBI1rYa6auso9kupfBo=">AAAB+HicbZDNSsNAFIUn9a/Wv6i4cjNYhLqpSRF0WXTjRqhgf6AJYTK9aQdnkjAzEWro u+hK1J3P4Qv4Nk5rFtp6Vt/ccwbuPWHKmdKO82WVlpZXVtfK65WNza3tHXt3r6OSTFJo04QnshcSBZzF0NZMc+ilEogIOXTD+6up330AqVgS3+lxCr4gw5hFjBJtRoF94CUChiTIPSnwzeS01vBSdhLYVafuzIQXwS2gigq1AvvTGyQ0ExBryolSfddJtZ8TqRnlMKl4mYKU0HsyhL7BmAhQfj5bf4KPo0RiPQI8e//O5kQ oNRahyQiiR2remw7/8/qZji78nMVppiGmJmK8KONYJ3jaAh4wCVTzsQFCJTNbYjoiklBtuqqY8935Yxeh06i7hm/Pqs3LoogyOkRHqIZcdI6a6Bq1UBtRlKNn9IberUfryXqxXn+iJav4s4/+yPr4BrQ+kl0=</latexit><latexit sha1_base64="n3VgHy40fBI1rYa6auso9kupfBo=">AAAB+HicbZDNSsNAFIUn9a/Wv6i4cjNYhLqpSRF0WXTjRqhgf6AJYTK9aQdnkjAzEWro u+hK1J3P4Qv4Nk5rFtp6Vt/ccwbuPWHKmdKO82WVlpZXVtfK65WNza3tHXt3r6OSTFJo04QnshcSBZzF0NZMc+ilEogIOXTD+6up330AqVgS3+lxCr4gw5hFjBJtRoF94CUChiTIPSnwzeS01vBSdhLYVafuzIQXwS2gigq1AvvTGyQ0ExBryolSfddJtZ8TqRnlMKl4mYKU0HsyhL7BmAhQfj5bf4KPo0RiPQI8e//O5kQ oNRahyQiiR2remw7/8/qZji78nMVppiGmJmK8KONYJ3jaAh4wCVTzsQFCJTNbYjoiklBtuqqY8935Yxeh06i7hm/Pqs3LoogyOkRHqIZcdI6a6Bq1UBtRlKNn9IberUfryXqxXn+iJav4s4/+yPr4BrQ+kl0=</latexit><latexit sha1_base64="n3VgHy40fBI1rYa6auso9kupfBo=">AAAB+HicbZDNSsNAFIUn9a/Wv6i4cjNYhLqpSRF0WXTjRqhgf6AJYTK9aQdnkjAzEWro u+hK1J3P4Qv4Nk5rFtp6Vt/ccwbuPWHKmdKO82WVlpZXVtfK65WNza3tHXt3r6OSTFJo04QnshcSBZzF0NZMc+ilEogIOXTD+6up330AqVgS3+lxCr4gw5hFjBJtRoF94CUChiTIPSnwzeS01vBSdhLYVafuzIQXwS2gigq1AvvTGyQ0ExBryolSfddJtZ8TqRnlMKl4mYKU0HsyhL7BmAhQfj5bf4KPo0RiPQI8e//O5kQ oNRahyQiiR2remw7/8/qZji78nMVppiGmJmK8KONYJ3jaAh4wCVTzsQFCJTNbYjoiklBtuqqY8935Yxeh06i7hm/Pqs3LoogyOkRHqIZcdI6a6Bq1UBtRlKNn9IberUfryXqxXn+iJav4s4/+yPr4BrQ+kl0=</latexit><latexit sha1_base64="n3VgHy40fBI1rYa6auso9kupfBo=">AAAB+HicbZDNSsNAFIUn9a/Wv6i4cjNYhLqpSRF0WXTjRqhgf6AJYTK9aQdnkjAzEWro u+hK1J3P4Qv4Nk5rFtp6Vt/ccwbuPWHKmdKO82WVlpZXVtfK65WNza3tHXt3r6OSTFJo04QnshcSBZzF0NZMc+ilEogIOXTD+6up330AqVgS3+lxCr4gw5hFjBJtRoF94CUChiTIPSnwzeS01vBSdhLYVafuzIQXwS2gigq1AvvTGyQ0ExBryolSfddJtZ8TqRnlMKl4mYKU0HsyhL7BmAhQfj5bf4KPo0RiPQI8e//O5kQ oNRahyQiiR2remw7/8/qZji78nMVppiGmJmK8KONYJ3jaAh4wCVTzsQFCJTNbYjoiklBtuqqY8935Yxeh06i7hm/Pqs3LoogyOkRHqIZcdI6a6Bq1UBtRlKNn9IberUfryXqxXn+iJav4s4/+yPr4BrQ+kl0=</latexit>
3.2746
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> 3.2750
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit> 3.2754
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
3.2758
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
#106
3.2744 3.2746 3.2748 3.275 3.2752 3.2754 3.2756 3.2758
0.98
0.982
0.984
0.986
0.988
0.99
0.992
0.994
0.996
0.998
1
h xi
<latexit sha1_base64="IHdyzHimMeq0xuiIxwnM8rXq+h8=">AAAB+XicbZDLSsNAFIYnXmu9RQU3bgaL4KokIuiy6MZlBXuBJoTJ9 CQdOpOEmYlYYh9GV6LufA1fwLdxGrPQ1rP6zvn/A+f8YcaZ0o7zZS0tr6yurdc26ptb2zu79t5+V6W5pNChKU9lPyQKOEugo5nm0M8kEBFy6IXj65neuwepWJrc6UkGviBxwiJGiTajwD70OEliDp5isSDBgyfLNrAbTtMpCy+CW0EDVdUO7E9vmNJcQKIpJ0oNXCfTfkGkZpTDtO7 lCjJCxySGgcGECFB+Ud4/xSdRKrEeAS77396CCKUmIjQeQfRIzWuz4X/aINfRpV+wJMs1JNRYjBblHOsUz2LAQyaBaj4xQKhk5kpMR0QSqk1YdfO+O//sInTPmq7h2/NG66oKooaO0DE6RS66QC10g9qogyh6RM/oDb1bhfVkvVivP9Ylq9o5QH/K+vgGUAKUBA==</latexit><latexit sha1_base64="IHdyzHimMeq0xuiIxwnM8rXq+h8=">AAAB+XicbZDLSsNAFIYnXmu9RQU3bgaL4KokIuiy6MZlBXuBJoTJ9 CQdOpOEmYlYYh9GV6LufA1fwLdxGrPQ1rP6zvn/A+f8YcaZ0o7zZS0tr6yurdc26ptb2zu79t5+V6W5pNChKU9lPyQKOEugo5nm0M8kEBFy6IXj65neuwepWJrc6UkGviBxwiJGiTajwD70OEliDp5isSDBgyfLNrAbTtMpCy+CW0EDVdUO7E9vmNJcQKIpJ0oNXCfTfkGkZpTDtO7 lCjJCxySGgcGECFB+Ud4/xSdRKrEeAS77396CCKUmIjQeQfRIzWuz4X/aINfRpV+wJMs1JNRYjBblHOsUz2LAQyaBaj4xQKhk5kpMR0QSqk1YdfO+O//sInTPmq7h2/NG66oKooaO0DE6RS66QC10g9qogyh6RM/oDb1bhfVkvVivP9Ylq9o5QH/K+vgGUAKUBA==</latexit><latexit sha1_base64="IHdyzHimMeq0xuiIxwnM8rXq+h8=">AAAB+XicbZDLSsNAFIYnXmu9RQU3bgaL4KokIuiy6MZlBXuBJoTJ9 CQdOpOEmYlYYh9GV6LufA1fwLdxGrPQ1rP6zvn/A+f8YcaZ0o7zZS0tr6yurdc26ptb2zu79t5+V6W5pNChKU9lPyQKOEugo5nm0M8kEBFy6IXj65neuwepWJrc6UkGviBxwiJGiTajwD70OEliDp5isSDBgyfLNrAbTtMpCy+CW0EDVdUO7E9vmNJcQKIpJ0oNXCfTfkGkZpTDtO7 lCjJCxySGgcGECFB+Ud4/xSdRKrEeAS77396CCKUmIjQeQfRIzWuz4X/aINfRpV+wJMs1JNRYjBblHOsUz2LAQyaBaj4xQKhk5kpMR0QSqk1YdfO+O//sInTPmq7h2/NG66oKooaO0DE6RS66QC10g9qogyh6RM/oDb1bhfVkvVivP9Ylq9o5QH/K+vgGUAKUBA==</latexit><latexit sha1_base64="IHdyzHimMeq0xuiIxwnM8rXq+h8=">AAAB+XicbZDLSsNAFIYnXmu9RQU3bgaL4KokIuiy6MZlBXuBJoTJ9 CQdOpOEmYlYYh9GV6LufA1fwLdxGrPQ1rP6zvn/A+f8YcaZ0o7zZS0tr6yurdc26ptb2zu79t5+V6W5pNChKU9lPyQKOEugo5nm0M8kEBFy6IXj65neuwepWJrc6UkGviBxwiJGiTajwD70OEliDp5isSDBgyfLNrAbTtMpCy+CW0EDVdUO7E9vmNJcQKIpJ0oNXCfTfkGkZpTDtO7 lCjJCxySGgcGECFB+Ud4/xSdRKrEeAS77396CCKUmIjQeQfRIzWuz4X/aINfRpV+wJMs1JNRYjBblHOsUz2LAQyaBaj4xQKhk5kpMR0QSqk1YdfO+O//sInTPmq7h2/NG66oKooaO0DE6RS66QC10g9qogyh6RM/oDb1bhfVkvVivP9Ylq9o5QH/K+vgGUAKUBA==</latexit>
l = 13
<latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE+aoZMLMxMhh D6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr 0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE+aoZMLMxMhh D6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr 0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE+aoZMLMxMhh D6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr 0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZTE+aoZMLMxMhh D6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr 0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit>
3.2746
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
3.2754
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
0.98
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
1<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
0.99
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>
(MHz)
<latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7JjjhJXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja 3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8WSW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UVvNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit><latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7JjjhJXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja 3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8WSW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UVvNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit><latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7JjjhJXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja 3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8WSW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UVvNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit><latexit sha1_base64="DM01C5QRE/u7ri04UNb5m1aBQfI=">AAAB6nicbZDNTgIxFIXv4B/iH+rSTSMxwQ2ZMSa6JLphY4KJ/BiYkE65QEM7M2k7JjjhJXRl1J2P4wv4NhachYJn9fWe0+SeG8SCa+O6X05uZXVtfSO/Wdja 3tndK+4fNHWUKIYNFolItQOqUfAQG4Ybge1YIZWBwFYwvp75rQdUmkfhnZnE6Es6DPmAM2rs6L6rJCnf1B5Pe8WSW3HnIsvgZVCCTPVe8bPbj1giMTRMUK07nhsbP6XKcCZwWugmGmPKxnSIHYshlaj9dL7wlJwMIkXMCMn8/TubUqn1RAY2I6kZ6UVvNvzP6yRmcOmnPIwTgyGzEesNEkFMRGa9SZ8rZEZMLFCmuN2SsBFVlBl7nYKt7y2WXYbmWcWzfHteql5lh8jDERxDGTy4gCrUoA4NYCDhGd7g3RHOk/PivP5Ec0725xD+yPn4Bm5ljSQ=</latexit>
⌦(t)
<latexit sha1_base64 ="ygTvv5NGMl0EUMi/LPBeV+R7McM=">AAAB6ni cbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFt24s4 L9kXYomfROG5rMDElGKENfQlei7nwcX8C3Ma2z0N az+nLPCdxzg0RwbVz3yymsrK6tbxQ3S1vbO7t75 f2Dlo5TxbDJYhGrTkA1Ch5h03AjsJMopDIQ2A7G 1zO//YhK8zi6N5MEfUmHEQ85o8aOHnq3Eoe0ak7 75Ypbc+ciy+DlUIFcjX75szeIWSoxMkxQrbuemx g/o8pwJnBa6qUaE8rGdIhdixGVqP1svvCUnISxI maEZP7+nc2o1HoiA5uR1Iz0ojcb/ud1UxNe+hmP ktRgxGzEemEqiInJrDcZcIXMiIkFyhS3WxI2oooy Y69TsvW9xbLL0DqreZbvziv1q/wQRTiCY6iCBxd QhxtoQBMYSHiGN3h3hPPkvDivP9GCk/85hD9yPr 4B5Z2Ncw==</latexit><latexit sha1_base64 ="ygTvv5NGMl0EUMi/LPBeV+R7McM=">AAAB6ni cbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFt24s4 L9kXYomfROG5rMDElGKENfQlei7nwcX8C3Ma2z0N az+nLPCdxzg0RwbVz3yymsrK6tbxQ3S1vbO7t75 f2Dlo5TxbDJYhGrTkA1Ch5h03AjsJMopDIQ2A7G 1zO//YhK8zi6N5MEfUmHEQ85o8aOHnq3Eoe0ak7 75Ypbc+ciy+DlUIFcjX75szeIWSoxMkxQrbuemx g/o8pwJnBa6qUaE8rGdIhdixGVqP1svvCUnISxI maEZP7+nc2o1HoiA5uR1Iz0ojcb/ud1UxNe+hmP ktRgxGzEemEqiInJrDcZcIXMiIkFyhS3WxI2oooy Y69TsvW9xbLL0DqreZbvziv1q/wQRTiCY6iCBxd QhxtoQBMYSHiGN3h3hPPkvDivP9GCk/85hD9yPr 4B5Z2Ncw==</latexit><latexit sha1_base64 ="ygTvv5NGMl0EUMi/LPBeV+R7McM=">AAAB6ni cbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFt24s4 L9kXYomfROG5rMDElGKENfQlei7nwcX8C3Ma2z0N az+nLPCdxzg0RwbVz3yymsrK6tbxQ3S1vbO7t75 f2Dlo5TxbDJYhGrTkA1Ch5h03AjsJMopDIQ2A7G 1zO//YhK8zi6N5MEfUmHEQ85o8aOHnq3Eoe0ak7 75Ypbc+ciy+DlUIFcjX75szeIWSoxMkxQrbuemx g/o8pwJnBa6qUaE8rGdIhdixGVqP1svvCUnISxI maEZP7+nc2o1HoiA5uR1Iz0ojcb/ud1UxNe+hmP ktRgxGzEemEqiInJrDcZcIXMiIkFyhS3WxI2oooy Y69TsvW9xbLL0DqreZbvziv1q/wQRTiCY6iCBxd QhxtoQBMYSHiGN3h3hPPkvDivP9GCk/85hD9yPr 4B5Z2Ncw==</latexit><latexit sha1_base64 ="ygTvv5NGMl0EUMi/LPBeV+R7McM=">AAAB6ni cbZDNSgMxFIXv1L9a/6ou3QSLUDdlRgRdFt24s4 L9kXYomfROG5rMDElGKENfQlei7nwcX8C3Ma2z0N az+nLPCdxzg0RwbVz3yymsrK6tbxQ3S1vbO7t75 f2Dlo5TxbDJYhGrTkA1Ch5h03AjsJMopDIQ2A7G 1zO//YhK8zi6N5MEfUmHEQ85o8aOHnq3Eoe0ak7 75Ypbc+ciy+DlUIFcjX75szeIWSoxMkxQrbuemx g/o8pwJnBa6qUaE8rGdIhdixGVqP1svvCUnISxI maEZP7+nc2o1HoiA5uR1Iz0ojcb/ud1UxNe+hmP ktRgxGzEemEqiInJrDcZcIXMiIkFyhS3WxI2oooy Y69TsvW9xbLL0DqreZbvziv1q/wQRTiCY6iCBxd QhxtoQBMYSHiGN3h3hPPkvDivP9GCk/85hD9yPr 4B5Z2Ncw==</latexit>
(b)
<latexit sha1_base64="K8gh48Ns56LF0xP9vbTul0KOZ/A=">AAAB5HicbZDLSg NBEEVrfMb4irp00xiEuAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGW ODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7SnDWK5XdqjsXWwYvhzLkqvdKn91+IrIIYxKKG9Px3JT8CdckhcJpsZsZTLkY8QF2LMY8QuNP5qtO2WmYaEZDZ PP37+yER8aMo8BmIk5Ds+jNhv95nYzCK38i4zQjjIWNWC/MFKOEzRqzvtQoSI0tcKGl3ZKJIddckL1L0db3FssuQ/O86lm+uyjXrvNDFOAYTqACHlxCDW6hDg0QMIBneIN3J 3SenBfn9Se64uR/juCPnI9vfcSK4A==</latexit><latexit sha1_base64="K8gh48Ns56LF0xP9vbTul0KOZ/A=">AAAB5HicbZDLSg NBEEVrfMb4irp00xiEuAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGW ODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7SnDWK5XdqjsXWwYvhzLkqvdKn91+IrIIYxKKG9Px3JT8CdckhcJpsZsZTLkY8QF2LMY8QuNP5qtO2WmYaEZDZ PP37+yER8aMo8BmIk5Ds+jNhv95nYzCK38i4zQjjIWNWC/MFKOEzRqzvtQoSI0tcKGl3ZKJIddckL1L0db3FssuQ/O86lm+uyjXrvNDFOAYTqACHlxCDW6hDg0QMIBneIN3J 3SenBfn9Se64uR/juCPnI9vfcSK4A==</latexit><latexit sha1_base64="K8gh48Ns56LF0xP9vbTul0KOZ/A=">AAAB5HicbZDLSg NBEEVrfMb4irp00xiEuAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGW ODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7SnDWK5XdqjsXWwYvhzLkqvdKn91+IrIIYxKKG9Px3JT8CdckhcJpsZsZTLkY8QF2LMY8QuNP5qtO2WmYaEZDZ PP37+yER8aMo8BmIk5Ds+jNhv95nYzCK38i4zQjjIWNWC/MFKOEzRqzvtQoSI0tcKGl3ZKJIddckL1L0db3FssuQ/O86lm+uyjXrvNDFOAYTqACHlxCDW6hDg0QMIBneIN3J 3SenBfn9Se64uR/juCPnI9vfcSK4A==</latexit><latexit sha1_base64="K8gh48Ns56LF0xP9vbTul0KOZ/A=">AAAB5HicbZDLSg NBEEVrfMb4irp00xiEuAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGW ODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7SnDWK5XdqjsXWwYvhzLkqvdKn91+IrIIYxKKG9Px3JT8CdckhcJpsZsZTLkY8QF2LMY8QuNP5qtO2WmYaEZDZ PP37+yER8aMo8BmIk5Ds+jNhv95nYzCK38i4zQjjIWNWC/MFKOEzRqzvtQoSI0tcKGl3ZKJIddckL1L0db3FssuQ/O86lm+uyjXrvNDFOAYTqACHlxCDW6hDg0QMIBneIN3J 3SenBfn9Se64uR/juCPnI9vfcSK4A==</latexit>
(c)
<latexit sha1_base64="BkacJ6IWAQbopoR1h+lBj/zMfII=">AAAB5HicbZDLSg NBEEVrfMb4irp00xiEuAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGW ODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7ijjrlcpu1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhs vn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXle9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7E zpPzovz+hNdcfI/R/BHzsc3f0OK4Q==</latexit><latexit sha1_base64="BkacJ6IWAQbopoR1h+lBj/zMfII=">AAAB5HicbZDLSg NBEEVrfMb4irp00xiEuAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGW ODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7ijjrlcpu1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhs vn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXle9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7E zpPzovz+hNdcfI/R/BHzsc3f0OK4Q==</latexit><latexit sha1_base64="BkacJ6IWAQbopoR1h+lBj/zMfII=">AAAB5HicbZDLSg NBEEVrfMb4irp00xiEuAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGW ODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7ijjrlcpu1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhs vn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXle9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7E zpPzovz+hNdcfI/R/BHzsc3f0OK4Q==</latexit><latexit sha1_base64="BkacJ6IWAQbopoR1h+lBj/zMfII=">AAAB5HicbZDLSg NBEEVrfMb4irp00xiEuAkzIugy6MZlRPOAZAg9nZqkSc+D7hohhPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCVElDrvvlrKyurW9sFraK2zu7e/ulg8OmSTItsCESleh2wA0qGW ODJClspxp5FChsBaObmd96RG1kEj/QOEU/4oNYhlJwsqP7ijjrlcpu1Z2LLYOXQxly1Xulz24/EVmEMQnFjel4bkr+hGuSQuG02M0MplyM+AA7FmMeofEn81Wn7DRMNKMhs vn7d3bCI2PGUWAzEaehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilHCZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7i2WXoXle9SzfXZRr1/khCnAMJ1ABDy6hBrdQhwYIGMAzvMG7E zpPzovz+hNdcfI/R/BHzsc3f0OK4Q==</latexit>
(a)
<latexit sha1_bas e64="4wISSNJmhEwdiitn2MHmgEQA+yM= ">AAAB5HicbZDLSgNBEEVrfMb4irp00xi EuAkzIugy6MZlRPOAZAg9nZqkSc+D7hoh hPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCV ElDrvvlrKyurW9sFraK2zu7e/ulg8OmS TItsCESleh2wA0qGWODJClspxp5FChsBa Obmd96RG1kEj/QOEU/4oNYhlJwsqP7Cj/ rlcpu1Z2LLYOXQxly1Xulz24/EVmEMQnF jel4bkr+hGuSQuG02M0MplyM+AA7FmMeo fEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEa ehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilH CZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7 i2WXoXle9SzfXZRr1/khCnAMJ1ABDy6hB rdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R /BHzsc3fEWK3w==</latexit><latexit sha1_bas e64="4wISSNJmhEwdiitn2MHmgEQA+yM= ">AAAB5HicbZDLSgNBEEVrfMb4irp00xi EuAkzIugy6MZlRPOAZAg9nZqkSc+D7hoh hPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCV ElDrvvlrKyurW9sFraK2zu7e/ulg8OmS TItsCESleh2wA0qGWODJClspxp5FChsBa Obmd96RG1kEj/QOEU/4oNYhlJwsqP7Cj/ rlcpu1Z2LLYOXQxly1Xulz24/EVmEMQnF jel4bkr+hGuSQuG02M0MplyM+AA7FmMeo fEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEa ehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilH CZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7 i2WXoXle9SzfXZRr1/khCnAMJ1ABDy6hB rdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R /BHzsc3fEWK3w==</latexit><latexit sha1_bas e64="4wISSNJmhEwdiitn2MHmgEQA+yM= ">AAAB5HicbZDLSgNBEEVrfMb4irp00xi EuAkzIugy6MZlRPOAZAg9nZqkSc+D7hoh hPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCV ElDrvvlrKyurW9sFraK2zu7e/ulg8OmS TItsCESleh2wA0qGWODJClspxp5FChsBa Obmd96RG1kEj/QOEU/4oNYhlJwsqP7Cj/ rlcpu1Z2LLYOXQxly1Xulz24/EVmEMQnF jel4bkr+hGuSQuG02M0MplyM+AA7FmMeo fEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEa ehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilH CZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7 i2WXoXle9SzfXZRr1/khCnAMJ1ABDy6hB rdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R /BHzsc3fEWK3w==</latexit><latexit sha1_bas e64="4wISSNJmhEwdiitn2MHmgEQA+yM= ">AAAB5HicbZDLSgNBEEVrfMb4irp00xi EuAkzIugy6MZlRPOAZAg9nZqkSc+D7hoh hPyBrkTd+UX+gH9jJ85CE+/qdN3bULeCV ElDrvvlrKyurW9sFraK2zu7e/ulg8OmS TItsCESleh2wA0qGWODJClspxp5FChsBa Obmd96RG1kEj/QOEU/4oNYhlJwsqP7Cj/ rlcpu1Z2LLYOXQxly1Xulz24/EVmEMQnF jel4bkr+hGuSQuG02M0MplyM+AA7FmMeo fEn81Wn7DRMNKMhsvn7d3bCI2PGUWAzEa ehWfRmw/+8TkbhlT+RcZoRxsJGrBdmilH CZo1ZX2oUpMYWuNDSbsnEkGsuyN6laOt7 i2WXoXle9SzfXZRr1/khCnAMJ1ABDy6hB rdQhwYIGMAzvMG7EzpPzovz+hNdcfI/R /BHzsc3fEWK3w==</latexit>
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l = 13
<latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZT E+aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0 RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZT E+aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0 RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZT E+aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0 RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit><latexit sha1_base64="/MruP2qnpa5wd3zI5auBGlgPuiQ=">AAAB5XicbZDLSsNAFIZP6q3WW9Wlm8EiuCqJCroRim5cVrAXaEOZT E+aoZMLMxMhhD6CrkTd+UK+gG/jpGahrf/qm/P/A+c/XiK40rb9ZVVWVtfWN6qbta3tnd29+v5BV8WpZNhhsYhl36MKBY+wo7kW2E8k0tAT2POmt4Xfe0SpeBw96CxBN6STiPucUV2MxLVzPqo37KY9F1kGp4QGlGqP6p/DcczSECPNBFVq4NiJdnMqNWcCZ7VhqjChbEonODAY0 RCVm893nZETP5ZEB0jm79/ZnIZKZaFnMiHVgVr0iuF/3iDV/pWb8yhJNUbMRIznp4LomBSVyZhLZFpkBiiT3GxJWEAlZdocpmbqO4tll6F71nQM3180WjflIapwBMdwCg5cQgvuoA0dYBDAM7zBuzWxnqwX6/UnWrHKP4fwR9bHNyo+i0Q=</latexit>
0
<latexit sha1_base64="Ff3F2BD2T9HC3mOYsPGdMkgQiiw=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuXkAiSwIT0NDXQoeeR7hoTMuEHd GXUnZ/kD/g3NjgLBe/qdN3bSd0KUiUNue6XU1pb39jcKm9Xdnb39g+qh0cdk2RaYFskKtHdgBtUMsY2SVLYTTXyKFD4EExu5/7DI2ojk/iepin6ER/FMpSCkx213EG15tbdhdgqeAXUoFBzUP3sDxORRRiTUNyYnuem5OdckxQKZ5V+ZjDlYsJH2LMY8wiNny8WnbGzMNGMxsgW79/ZnEfGTKPAZiJOY7PszYf/eb2Mwms/l3 GaEcbCRqwXZopRwuZ92VBqFKSmFrjQ0m7JxJhrLshepWLre8tlV6FzUfcsty5rjZviEGU4gVM4Bw+uoAF30IQ2CEB4hjd4d4bOk/PivP5ES07x5xj+yPn4Bm/Likk=</latexit><latexit sha1_base64="Ff3F2BD2T9HC3mOYsPGdMkgQiiw=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuXkAiSwIT0NDXQoeeR7hoTMuEHd GXUnZ/kD/g3NjgLBe/qdN3bSd0KUiUNue6XU1pb39jcKm9Xdnb39g+qh0cdk2RaYFskKtHdgBtUMsY2SVLYTTXyKFD4EExu5/7DI2ojk/iepin6ER/FMpSCkx213EG15tbdhdgqeAXUoFBzUP3sDxORRRiTUNyYnuem5OdckxQKZ5V+ZjDlYsJH2LMY8wiNny8WnbGzMNGMxsgW79/ZnEfGTKPAZiJOY7PszYf/eb2Mwms/l3 GaEcbCRqwXZopRwuZ92VBqFKSmFrjQ0m7JxJhrLshepWLre8tlV6FzUfcsty5rjZviEGU4gVM4Bw+uoAF30IQ2CEB4hjd4d4bOk/PivP5ES07x5xj+yPn4Bm/Likk=</latexit><latexit sha1_base64="Ff3F2BD2T9HC3mOYsPGdMkgQiiw=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuXkAiSwIT0NDXQoeeR7hoTMuEHd GXUnZ/kD/g3NjgLBe/qdN3bSd0KUiUNue6XU1pb39jcKm9Xdnb39g+qh0cdk2RaYFskKtHdgBtUMsY2SVLYTTXyKFD4EExu5/7DI2ojk/iepin6ER/FMpSCkx213EG15tbdhdgqeAXUoFBzUP3sDxORRRiTUNyYnuem5OdckxQKZ5V+ZjDlYsJH2LMY8wiNny8WnbGzMNGMxsgW79/ZnEfGTKPAZiJOY7PszYf/eb2Mwms/l3 GaEcbCRqwXZopRwuZ92VBqFKSmFrjQ0m7JxJhrLshepWLre8tlV6FzUfcsty5rjZviEGU4gVM4Bw+uoAF30IQ2CEB4hjd4d4bOk/PivP5ES07x5xj+yPn4Bm/Likk=</latexit><latexit sha1_base64="Ff3F2BD2T9HC3mOYsPGdMkgQiiw=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZY6JLohuXkAiSwIT0NDXQoeeR7hoTMuEHd GXUnZ/kD/g3NjgLBe/qdN3bSd0KUiUNue6XU1pb39jcKm9Xdnb39g+qh0cdk2RaYFskKtHdgBtUMsY2SVLYTTXyKFD4EExu5/7DI2ojk/iepin6ER/FMpSCkx213EG15tbdhdgqeAXUoFBzUP3sDxORRRiTUNyYnuem5OdckxQKZ5V+ZjDlYsJH2LMY8wiNny8WnbGzMNGMxsgW79/ZnEfGTKPAZiJOY7PszYf/eb2Mwms/l3 GaEcbCRqwXZopRwuZ92VBqFKSmFrjQ0m7JxJhrLshepWLre8tlV6FzUfcsty5rjZviEGU4gVM4Bw+uoAF30IQ2CEB4hjd4d4bOk/PivP5ES07x5xj+yPn4Bm/Likk=</latexit>
fm13
<latexit sha1_base64="mOmlGH+X8rc27aOWkYeoISBWOhY=">AAAB73icbZDNTgIxFIXv4B/iH+rSTSMx cUVm1ESXRDcuMZGfBAbSKXegoZ0Z244JmfAcujLqznfxBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w+aOk4VwwaLRazaAdUoeIQNw43AdqKQykBgKxjfzPzWIyrN4+jeTBL0JR1GPOSMGjvqhf3MO5/ 2sq6SRE775Ypbdeciy+DlUIFc9X75szuIWSoxMkxQrTuemxg/o8pwJnBa6qYaE8rGdIgdixGVqP1svvWUnISxImaEZP7+nc2o1HoiA5uR1Iz0ojcb/ud1UhNe+RmPktRgxGzEemEqiInJrDwZcIXMiIkFyhS3WxI2oooyY0 9UsvW9xbLL0DyrepbvLiq16/wQRTiCYzgFDy6hBrdQhwYwUPAMb/DuPDhPzovz+hMtOPmfQ/gj5+Mb/hqP2g==</latexit><latexit sha1_base64="mOmlGH+X8rc27aOWkYeoISBWOhY=">AAAB73icbZDNTgIxFIXv4B/iH+rSTSMx cUVm1ESXRDcuMZGfBAbSKXegoZ0Z244JmfAcujLqznfxBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w+aOk4VwwaLRazaAdUoeIQNw43AdqKQykBgKxjfzPzWIyrN4+jeTBL0JR1GPOSMGjvqhf3MO5/ 2sq6SRE775Ypbdeciy+DlUIFc9X75szuIWSoxMkxQrTuemxg/o8pwJnBa6qYaE8rGdIgdixGVqP1svvWUnISxImaEZP7+nc2o1HoiA5uR1Iz0ojcb/ud1UhNe+RmPktRgxGzEemEqiInJrDwZcIXMiIkFyhS3WxI2oooyY0 9UsvW9xbLL0DyrepbvLiq16/wQRTiCYzgFDy6hBrdQhwYwUPAMb/DuPDhPzovz+hMtOPmfQ/gj5+Mb/hqP2g==</latexit><latexit sha1_base64="mOmlGH+X8rc27aOWkYeoISBWOhY=">AAAB73icbZDNTgIxFIXv4B/iH+rSTSMx cUVm1ESXRDcuMZGfBAbSKXegoZ0Z244JmfAcujLqznfxBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w+aOk4VwwaLRazaAdUoeIQNw43AdqKQykBgKxjfzPzWIyrN4+jeTBL0JR1GPOSMGjvqhf3MO5/ 2sq6SRE775Ypbdeciy+DlUIFc9X75szuIWSoxMkxQrTuemxg/o8pwJnBa6qYaE8rGdIgdixGVqP1svvWUnISxImaEZP7+nc2o1HoiA5uR1Iz0ojcb/ud1UhNe+RmPktRgxGzEemEqiInJrDwZcIXMiIkFyhS3WxI2oooyY0 9UsvW9xbLL0DyrepbvLiq16/wQRTiCYzgFDy6hBrdQhwYwUPAMb/DuPDhPzovz+hMtOPmfQ/gj5+Mb/hqP2g==</latexit><latexit sha1_base64="mOmlGH+X8rc27aOWkYeoISBWOhY=">AAAB73icbZDNTgIxFIXv4B/iH+rSTSMx cUVm1ESXRDcuMZGfBAbSKXegoZ0Z244JmfAcujLqznfxBXwbC85CwbP6es9pcs8NEsG1cd0vp7Cyura+UdwsbW3v7O6V9w+aOk4VwwaLRazaAdUoeIQNw43AdqKQykBgKxjfzPzWIyrN4+jeTBL0JR1GPOSMGjvqhf3MO5/ 2sq6SRE775Ypbdeciy+DlUIFc9X75szuIWSoxMkxQrTuemxg/o8pwJnBa6qYaE8rGdIgdixGVqP1svvWUnISxImaEZP7+nc2o1HoiA5uR1Iz0ojcb/ud1UhNe+RmPktRgxGzEemEqiInJrDwZcIXMiIkFyhS3WxI2oooyY0 9UsvW9xbLL0DyrepbvLiq16/wQRTiCYzgFDy6hBrdQhwYwUPAMb/DuPDhPzovz+hMtOPmfQ/gj5+Mb/hqP2g==</latexit>
f th13
<latexit sha1_base64="XzkZ+bvocTEgH3ddq4kYCxDSzJA=">AAAB8nicbZDLTsMwEEUnPEt5NMCSTUSFxKpKAA mWFWxYFok+pDZEjjtprdpJZDtIVZQfgRUCdnwKP8Df4JYsoGVWx3OvNXMnTDlT2nW/rJXVtfWNzcpWdXtnd69m7x90VJJJim2a8ET2QqKQsxjbmmmOvVQiESHHbji5mendR5SKJfG9nqboCzKKWcQo0aYV2LUoyL3z4iEfSOHocRHYdbfh zstZBq+EOpTVCuzPwTChmcBYU06U6ntuqv2cSM0ox6I6yBSmhE7ICPsGYyJQ+fl88cI5iRJppqIzf//25kQoNRWh8Qiix2pRmzX/0/qZjq78nMVppjGmxmK0KOOOTpxZfmfIJFLNpwYIlcxs6dAxkYRqc6Wqie8thl2GzlnDM3x3UW9el4 eowBEcwyl4cAlNuIUWtIFCBs/wBu+Wtp6sF+v1x7pilX8O4U9ZH99FBZCE</latexit><latexit sha1_base64="XzkZ+bvocTEgH3ddq4kYCxDSzJA=">AAAB8nicbZDLTsMwEEUnPEt5NMCSTUSFxKpKAA mWFWxYFok+pDZEjjtprdpJZDtIVZQfgRUCdnwKP8Df4JYsoGVWx3OvNXMnTDlT2nW/rJXVtfWNzcpWdXtnd69m7x90VJJJim2a8ET2QqKQsxjbmmmOvVQiESHHbji5mendR5SKJfG9nqboCzKKWcQo0aYV2LUoyL3z4iEfSOHocRHYdbfh zstZBq+EOpTVCuzPwTChmcBYU06U6ntuqv2cSM0ox6I6yBSmhE7ICPsGYyJQ+fl88cI5iRJppqIzf//25kQoNRWh8Qiix2pRmzX/0/qZjq78nMVppjGmxmK0KOOOTpxZfmfIJFLNpwYIlcxs6dAxkYRqc6Wqie8thl2GzlnDM3x3UW9el4 eowBEcwyl4cAlNuIUWtIFCBs/wBu+Wtp6sF+v1x7pilX8O4U9ZH99FBZCE</latexit><latexit sha1_base64="XzkZ+bvocTEgH3ddq4kYCxDSzJA=">AAAB8nicbZDLTsMwEEUnPEt5NMCSTUSFxKpKAA mWFWxYFok+pDZEjjtprdpJZDtIVZQfgRUCdnwKP8Df4JYsoGVWx3OvNXMnTDlT2nW/rJXVtfWNzcpWdXtnd69m7x90VJJJim2a8ET2QqKQsxjbmmmOvVQiESHHbji5mendR5SKJfG9nqboCzKKWcQo0aYV2LUoyL3z4iEfSOHocRHYdbfh zstZBq+EOpTVCuzPwTChmcBYU06U6ntuqv2cSM0ox6I6yBSmhE7ICPsGYyJQ+fl88cI5iRJppqIzf//25kQoNRWh8Qiix2pRmzX/0/qZjq78nMVppjGmxmK0KOOOTpxZfmfIJFLNpwYIlcxs6dAxkYRqc6Wqie8thl2GzlnDM3x3UW9el4 eowBEcwyl4cAlNuIUWtIFCBs/wBu+Wtp6sF+v1x7pilX8O4U9ZH99FBZCE</latexit><latexit sha1_base64="XzkZ+bvocTEgH3ddq4kYCxDSzJA=">AAAB8nicbZDLTsMwEEUnPEt5NMCSTUSFxKpKAA mWFWxYFok+pDZEjjtprdpJZDtIVZQfgRUCdnwKP8Df4JYsoGVWx3OvNXMnTDlT2nW/rJXVtfWNzcpWdXtnd69m7x90VJJJim2a8ET2QqKQsxjbmmmOvVQiESHHbji5mendR5SKJfG9nqboCzKKWcQo0aYV2LUoyL3z4iEfSOHocRHYdbfh zstZBq+EOpTVCuzPwTChmcBYU06U6ntuqv2cSM0ox6I6yBSmhE7ICPsGYyJQ+fl88cI5iRJppqIzf//25kQoNRWh8Qiix2pRmzX/0/qZjq78nMVppjGmxmK0KOOOTpxZfmfIJFLNpwYIlcxs6dAxkYRqc6Wqie8thl2GzlnDM3x3UW9el4 eowBEcwyl4cAlNuIUWtIFCBs/wBu+Wtp6sF+v1x7pilX8O4U9ZH99FBZCE</latexit>
t⇡/(T/l)
<latexit sha1_base64="twyxRL2L5gnNxMzRDeCUMritvQM=">AAAB7nicbZDNTgIxFIU7+If4h7p000hMcAMzxkSXRDcuMeEvgQnplAs0dG Zqe8eETHgNXRl158P4Ar6NBWeh4Fl9vec0uecGSgqDrvvl5NbWNza38tuFnd29/YPi4VHLxInm0OSxjHUnYAakiKCJAiV0lAYWBhLaweR27rcfQRsRRw2cKvBDNorEUHCGduRjP+0pMauWG1V53i+W3Iq7EF0FL4MSyVTvFz97g5gnIUTIJTOm67kK/ZRpFFzCrNBLDCjGJ2wEXYsRC8H46WLpG T0bxpriGOji/TubstCYaRjYTMhwbJa9+fA/r5vg8NpPRaQShIjbiPWGiaQY03l3OhAaOMqpBca1sFtSPmaacbQXKtj63nLZVWhdVDzL95el2k12iDw5IaekTDxyRWrkjtRJk3DyQJ7JG3l3lPPkvDivP9Gck/05Jn/kfHwDn16PAA==</latexit><latexit sha1_base64="twyxRL2L5gnNxMzRDeCUMritvQM=">AAAB7nicbZDNTgIxFIU7+If4h7p000hMcAMzxkSXRDcuMeEvgQnplAs0dG Zqe8eETHgNXRl158P4Ar6NBWeh4Fl9vec0uecGSgqDrvvl5NbWNza38tuFnd29/YPi4VHLxInm0OSxjHUnYAakiKCJAiV0lAYWBhLaweR27rcfQRsRRw2cKvBDNorEUHCGduRjP+0pMauWG1V53i+W3Iq7EF0FL4MSyVTvFz97g5gnIUTIJTOm67kK/ZRpFFzCrNBLDCjGJ2wEXYsRC8H46WLpG T0bxpriGOji/TubstCYaRjYTMhwbJa9+fA/r5vg8NpPRaQShIjbiPWGiaQY03l3OhAaOMqpBca1sFtSPmaacbQXKtj63nLZVWhdVDzL95el2k12iDw5IaekTDxyRWrkjtRJk3DyQJ7JG3l3lPPkvDivP9Gck/05Jn/kfHwDn16PAA==</latexit><latexit sha1_base64="twyxRL2L5gnNxMzRDeCUMritvQM=">AAAB7nicbZDNTgIxFIU7+If4h7p000hMcAMzxkSXRDcuMeEvgQnplAs0dG Zqe8eETHgNXRl158P4Ar6NBWeh4Fl9vec0uecGSgqDrvvl5NbWNza38tuFnd29/YPi4VHLxInm0OSxjHUnYAakiKCJAiV0lAYWBhLaweR27rcfQRsRRw2cKvBDNorEUHCGduRjP+0pMauWG1V53i+W3Iq7EF0FL4MSyVTvFz97g5gnIUTIJTOm67kK/ZRpFFzCrNBLDCjGJ2wEXYsRC8H46WLpG T0bxpriGOji/TubstCYaRjYTMhwbJa9+fA/r5vg8NpPRaQShIjbiPWGiaQY03l3OhAaOMqpBca1sFtSPmaacbQXKtj63nLZVWhdVDzL95el2k12iDw5IaekTDxyRWrkjtRJk3DyQJ7JG3l3lPPkvDivP9Gck/05Jn/kfHwDn16PAA==</latexit><latexit sha1_base64="twyxRL2L5gnNxMzRDeCUMritvQM=">AAAB7nicbZDNTgIxFIU7+If4h7p000hMcAMzxkSXRDcuMeEvgQnplAs0dG Zqe8eETHgNXRl158P4Ar6NBWeh4Fl9vec0uecGSgqDrvvl5NbWNza38tuFnd29/YPi4VHLxInm0OSxjHUnYAakiKCJAiV0lAYWBhLaweR27rcfQRsRRw2cKvBDNorEUHCGduRjP+0pMauWG1V53i+W3Iq7EF0FL4MSyVTvFz97g5gnIUTIJTOm67kK/ZRpFFzCrNBLDCjGJ2wEXYsRC8H46WLpG T0bxpriGOji/TubstCYaRjYTMhwbJa9+fA/r5vg8NpPRaQShIjbiPWGiaQY03l3OhAaOMqpBca1sFtSPmaacbQXKtj63nLZVWhdVDzL95el2k12iDw5IaekTDxyRWrkjtRJk3DyQJ7JG3l3lPPkvDivP9Gck/05Jn/kfHwDn16PAA==</latexit>
1<latexit sha1_base64="BeUhpJENBQgpYvLZNXKn41U1fjM=">AAAB43icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MZlFPOAZAg9nZqkSc+D7hohDP kCXYm684/8Af/GTpyFRu/qdN3bULeCVElDrvvplFZW19Y3ypuVre2d3b3q/kHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsn13O88oDYyie9pmqIf8VEsQyk42dGdxwbVmlt3F2J/wSugBoWag+pHf5iILMKYhOLG9Dw3JT/nmqRQOKv0M4MpFxM+wp7FmEdo/Hyx6YydhIlmNEa2eP/M5jwyZhoFNhNxGptlbz78z+ tlFF76uYzTjDAWNmK9MFOMEjYvzIZSoyA1tcCFlnZLJsZcc0H2LBVb31su+xfaZ3XP8u15rXFVHKIMR3AMp+DBBTTgBprQAgEhPMErvDnoPDrPzst3tOQUfw7hl5z3L8YYinQ=</latexit><latexit sha1_base64="BeUhpJENBQgpYvLZNXKn41U1fjM=">AAAB43icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MZlFPOAZAg9nZqkSc+D7hohDP kCXYm684/8Af/GTpyFRu/qdN3bULeCVElDrvvplFZW19Y3ypuVre2d3b3q/kHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsn13O88oDYyie9pmqIf8VEsQyk42dGdxwbVmlt3F2J/wSugBoWag+pHf5iILMKYhOLG9Dw3JT/nmqRQOKv0M4MpFxM+wp7FmEdo/Hyx6YydhIlmNEa2eP/M5jwyZhoFNhNxGptlbz78z+ tlFF76uYzTjDAWNmK9MFOMEjYvzIZSoyA1tcCFlnZLJsZcc0H2LBVb31su+xfaZ3XP8u15rXFVHKIMR3AMp+DBBTTgBprQAgEhPMErvDnoPDrPzst3tOQUfw7hl5z3L8YYinQ=</latexit><latexit sha1_base64="BeUhpJENBQgpYvLZNXKn41U1fjM=">AAAB43icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MZlFPOAZAg9nZqkSc+D7hohDP kCXYm684/8Af/GTpyFRu/qdN3bULeCVElDrvvplFZW19Y3ypuVre2d3b3q/kHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsn13O88oDYyie9pmqIf8VEsQyk42dGdxwbVmlt3F2J/wSugBoWag+pHf5iILMKYhOLG9Dw3JT/nmqRQOKv0M4MpFxM+wp7FmEdo/Hyx6YydhIlmNEa2eP/M5jwyZhoFNhNxGptlbz78z+ tlFF76uYzTjDAWNmK9MFOMEjYvzIZSoyA1tcCFlnZLJsZcc0H2LBVb31su+xfaZ3XP8u15rXFVHKIMR3AMp+DBBTTgBprQAgEhPMErvDnoPDrPzst3tOQUfw7hl5z3L8YYinQ=</latexit><latexit sha1_base64="BeUhpJENBQgpYvLZNXKn41U1fjM=">AAAB43icbZDLSgNBEEVr4ivGV9Slm8YguAozIugy6MZlFPOAZAg9nZqkSc+D7hohDP kCXYm684/8Af/GTpyFRu/qdN3bULeCVElDrvvplFZW19Y3ypuVre2d3b3q/kHbJJkW2BKJSnQ34AaVjLFFkhR2U408ChR2gsn13O88oDYyie9pmqIf8VEsQyk42dGdxwbVmlt3F2J/wSugBoWag+pHf5iILMKYhOLG9Dw3JT/nmqRQOKv0M4MpFxM+wp7FmEdo/Hyx6YydhIlmNEa2eP/M5jwyZhoFNhNxGptlbz78z+ tlFF76uYzTjDAWNmK9MFOMEjYvzIZSoyA1tcCFlnZLJsZcc0H2LBVb31su+xfaZ3XP8u15rXFVHKIMR3AMp+DBBTTgBprQAgEhPMErvDnoPDrPzst3tOQUfw7hl5z3L8YYinQ=</latexit> 2<latexit sha1_base64="ctOMDuvBYfmFacgqQD0Iklr5FgI=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZYqJLohuXkMgjgQnpaWqgQ88j3TUm hPADujLqzk/yB/wbG5yFgnd1uu7tpG4FqZKGXPfLKWxsbm3vFHdLe/sHh0fl45O2STItsCUSlehuwA0qGWOLJCnsphp5FCjsBJO7hd95RG1kEj/QNEU/4qNYhlJwsqNmbVCuuFV3KbYOXg4VyNUYlD/7w0RkEcYkFDem57kp+TOuSQqF81I/M5hyMeEj7FmMeYTGny0XnbOLMNGMxsiW79/ZGY+MmUaBzUScxm bVWwz/83oZhTf+TMZpRhgLG7FemClGCVv0ZUOpUZCaWuBCS7slE2OuuSB7lZKt762WXYd2repZbl5V6rf5IYpwBudwCR5cQx3uoQEtEIDwDG/w7gydJ+fFef2JFpz8zyn8kfPxDXLHiks=</latexit><latexit sha1_base64="ctOMDuvBYfmFacgqQD0Iklr5FgI=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZYqJLohuXkMgjgQnpaWqgQ88j3TUm hPADujLqzk/yB/wbG5yFgnd1uu7tpG4FqZKGXPfLKWxsbm3vFHdLe/sHh0fl45O2STItsCUSlehuwA0qGWOLJCnsphp5FCjsBJO7hd95RG1kEj/QNEU/4qNYhlJwsqNmbVCuuFV3KbYOXg4VyNUYlD/7w0RkEcYkFDem57kp+TOuSQqF81I/M5hyMeEj7FmMeYTGny0XnbOLMNGMxsiW79/ZGY+MmUaBzUScxm bVWwz/83oZhTf+TMZpRhgLG7FemClGCVv0ZUOpUZCaWuBCS7slE2OuuSB7lZKt762WXYd2repZbl5V6rf5IYpwBudwCR5cQx3uoQEtEIDwDG/w7gydJ+fFef2JFpz8zyn8kfPxDXLHiks=</latexit><latexit sha1_base64="ctOMDuvBYfmFacgqQD0Iklr5FgI=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZYqJLohuXkMgjgQnpaWqgQ88j3TUm hPADujLqzk/yB/wbG5yFgnd1uu7tpG4FqZKGXPfLKWxsbm3vFHdLe/sHh0fl45O2STItsCUSlehuwA0qGWOLJCnsphp5FCjsBJO7hd95RG1kEj/QNEU/4qNYhlJwsqNmbVCuuFV3KbYOXg4VyNUYlD/7w0RkEcYkFDem57kp+TOuSQqF81I/M5hyMeEj7FmMeYTGny0XnbOLMNGMxsiW79/ZGY+MmUaBzUScxm bVWwz/83oZhTf+TMZpRhgLG7FemClGCVv0ZUOpUZCaWuBCS7slE2OuuSB7lZKt762WXYd2repZbl5V6rf5IYpwBudwCR5cQx3uoQEtEIDwDG/w7gydJ+fFef2JFpz8zyn8kfPxDXLHiks=</latexit><latexit sha1_base64="ctOMDuvBYfmFacgqQD0Iklr5FgI=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZYqJLohuXkMgjgQnpaWqgQ88j3TUm hPADujLqzk/yB/wbG5yFgnd1uu7tpG4FqZKGXPfLKWxsbm3vFHdLe/sHh0fl45O2STItsCUSlehuwA0qGWOLJCnsphp5FCjsBJO7hd95RG1kEj/QNEU/4qNYhlJwsqNmbVCuuFV3KbYOXg4VyNUYlD/7w0RkEcYkFDem57kp+TOuSQqF81I/M5hyMeEj7FmMeYTGny0XnbOLMNGMxsiW79/ZGY+MmUaBzUScxm bVWwz/83oZhTf+TMZpRhgLG7FemClGCVv0ZUOpUZCaWuBCS7slE2OuuSB7lZKt762WXYd2repZbl5V6rf5IYpwBudwCR5cQx3uoQEtEIDwDG/w7gydJ+fFef2JFpz8zyn8kfPxDXLHiks=</latexit> 3<latexit sha1_base64="jvtqIQ/D711GMv318BaQJjLK3c0=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZNdEl0Y1LSOSRwIT0NDXQoeeR7hoTQvg BXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHjsl+uuFV3IbYKXg4VyFXvlz97g0RkEcYkFDem67kp+VOuSQqFs1IvM5hyMeZD7FqMeYTGny4WnbGzMNGMRsgW79/ZKY+MmUSBzUScRmbZmw//87o ZhTf+VMZpRhgLG7FemClGCZv3ZQOpUZCaWOBCS7slEyOuuSB7lZKt7y2XXYXWRdWz3Liq1G7zQxThBE7hHDy4hhrcQx2aIADhGd7g3Rk4T86L8/oTLTj5n2P4I+fjG3RFikw=</latexit><latexit sha1_base64="jvtqIQ/D711GMv318BaQJjLK3c0=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZNdEl0Y1LSOSRwIT0NDXQoeeR7hoTQvg BXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHjsl+uuFV3IbYKXg4VyFXvlz97g0RkEcYkFDem67kp+VOuSQqFs1IvM5hyMeZD7FqMeYTGny4WnbGzMNGMRsgW79/ZKY+MmUSBzUScRmbZmw//87o ZhTf+VMZpRhgLG7FemClGCZv3ZQOpUZCaWOBCS7slEyOuuSB7lZKt7y2XXYXWRdWz3Liq1G7zQxThBE7hHDy4hhrcQx2aIADhGd7g3Rk4T86L8/oTLTj5n2P4I+fjG3RFikw=</latexit><latexit sha1_base64="jvtqIQ/D711GMv318BaQJjLK3c0=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZNdEl0Y1LSOSRwIT0NDXQoeeR7hoTQvg BXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHjsl+uuFV3IbYKXg4VyFXvlz97g0RkEcYkFDem67kp+VOuSQqFs1IvM5hyMeZD7FqMeYTGny4WnbGzMNGMRsgW79/ZKY+MmUSBzUScRmbZmw//87o ZhTf+VMZpRhgLG7FemClGCZv3ZQOpUZCaWOBCS7slEyOuuSB7lZKt7y2XXYXWRdWz3Liq1G7zQxThBE7hHDy4hhrcQx2aIADhGd7g3Rk4T86L8/oTLTj5n2P4I+fjG3RFikw=</latexit><latexit sha1_base64="jvtqIQ/D711GMv318BaQJjLK3c0=">AAAB4nicbZDLTgJBEEVr8IX4Ql266UhMXJEZNdEl0Y1LSOSRwIT0NDXQoeeR7hoTQvg BXRl15yf5A/6NDc5Cwbs6Xfd2UreCVElDrvvlFNbWNza3itulnd29/YPy4VHLJJkW2BSJSnQn4AaVjLFJkhR2Uo08ChS2g/Hd3G8/ojYyiR9okqIf8WEsQyk42VHjsl+uuFV3IbYKXg4VyFXvlz97g0RkEcYkFDem67kp+VOuSQqFs1IvM5hyMeZD7FqMeYTGny4WnbGzMNGMRsgW79/ZKY+MmUSBzUScRmbZmw//87o ZhTf+VMZpRhgLG7FemClGCZv3ZQOpUZCaWOBCS7slEyOuuSB7lZKt7y2XXYXWRdWz3Liq1G7zQxThBE7hHDy4hhrcQx2aIADhGd7g3Rk4T86L8/oTLTj5n2P4I+fjG3RFikw=</latexit>
4
13⇡
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FIG. 2. (a) Upper panel, one period of F(t) (solid-blue) including the intrapulse behavior, and the cos (lωMt) function. Extended pi pulses span
during tpi (intrapulse regions appear marked in red). In this example, l = 13 and tpi ≈ 4.5× (T/l). Solid-black, behavior of F(t) in case standard
top-hat pulses are applied. Bottom panel, train of modulated Ω(t) leading to F(t). (b) fml (black-solid) and f
th
l (curve on the yellow area) as a
function of the ratio tpi/(T/l) for l = 13. (c) 〈σx〉 (curves over dark and clear areas) for the conditions discussed in the main text. Inset, 〈σx〉
computed with top-hat pulses. For all numerical simulations in (c) we assume a 1% of error in Ω(t)42.
pi pulses under a large magnetic field Bz = 1 T. Vertical pan-
els with yellow squares mark the theoretically expected res-
onance positions and signal contrast. For the first computed
signal, curve over dark area in Fig. 2 (c), we display a XY-8 se-
quence where each X (Y) extended pulse has φ = 0 (φ = pi/2).
The modulated Rabi frequency Ω(t) in H′c is selected such that
it leads to fm13 = 4pi/13 = 0.0979 for l = 13 (note this cor-
responds to the maximum value for fm13) with a pulse length
tpi = 6 × (T/l). In addition, we take the width of the Gaus-
sian function α1(t) as c = 0.07tpi. The scanning frequency
ωM spans around γHBz/l for l = 13, see horizontal axis in
Fig. 2 (c). After repeating the XY-8 sequence 400 times, i.e.
3200 extended pi pulses have been applied leading to a final
sequence time of t f ≈ 0.488 ms, we get the signal over the
dark area. As we observe in Fig. 2 (c), this sequence does not
resolve all nuclear resonances of the 5-H cluster.
To overcome this situation, we make use of the tunabil-
ity of our method, and simulate a second sequence with ex-
tended pi pulses leading to the signal over the clear area in
Fig. 2 (c). This has been computed with a smaller value
for fm13 = 0.0979/3 = 0.0326 which is achieved with tpi ≈
6.4 × (T/l), i.e. a slightly longer pi pulse than those in the pre-
ceding situation, and c = 0.07tpi. As the fm13 coefficient is now
smaller, we have repeated the XY-8 sequence 400 × 3 times
(i.e. 9600 pulses) to get the same contrast than in the previous
case. The final time of the sequence is t f ≈ 1.5 ms. As we
observe in Fig. 2 (c), our method faithfully resolves all res-
onances in the 5-H cluster, and reproduces the theoretically
expected signal contrast. It is noteworthy to comment that the
tunability offered by our method will be of help for different
quantum algorithms with NV centers38–41.
V. MICROWAVE POWER AND NUCLEAR SIGNAL
COMPARISON
In the inset of Fig. 2 (c) we plot the signals one would get
using standard top-hat pulses with the same average power
than our extended pulses in Fig. 2 (c). We use that the en-
ergy of each top-hat and extended pi pulse, Etop−hat(tpi) and
Eextended(tpi), is ∝
∫
Ω2(s)ds where the integral extends dur-
ing the pi pulse duration (top-hat or extended). For an ex-
plicit derivation of the energy relations see36. The solid-
orange signal in the inset has been computed with a XY-8
sequence containing 3200 top-hat pi pulses with a constant
Ω ≈ (2pi) × 18.2 MHz. For this value of Ω, a top-hat pi pulse
contains the same average power than each extended pi pulse
used to compute the signal over dark area in Fig. 2 (c), i.e.
Etop−hat(tpi) = Eextended(tpi). Unlike our method, the sequence
with standard top-hat pi pulses produces a signal with almost
no-contrast. Note that the vertical axis of inset in Fig. 2 (c)
has a maximum depth value of 0.98, and the highest contrast
achieved with top-hat pulses falls below 0.99. The dashed
signal in the inset has been obtained with top-hat pi pulses
with Ω ≈ (2pi) × 4.68 MHz. Again, this is done to assure
we use the same average power than the sequence leading to
the curve over the clear area in Fig. 2 (c). In this last case,
we observe that the signal harvested with standard top-hat pi
pulses does not show any appreciable contrast. These results
indicate that our method using pulses with modulated ampli-
tude is able to achieve tunable electron nuclear interactions,
while regular top-hat pulses with equivalent MW power fail
to resolve these interactions.
VI. CONCLUSION
We presented a general method to design extended pi pulses
which are energetically efficient, and incorporable to stro-
boscopic DD techniques such as the widely used XY-8 se-
quence. Our method leads to tunable interactions, hence se-
lective, among an NV quantum sensor and nuclear spins at
large static magnetic fields which represents optimal condi-
tions for nanoscale NMR.
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1Supplemental Material:
Selective Hybrid Spin Interactions with Low Radiation Power
VII. IDEAL SIGNAL UNDER SINGLE NUCLEAR ADDRESSING
In case of having perfect single nuclear addressing with the kth nucleus and the lth harmonic, Eq. (5) in the main text can be
reduced to
H =
flAxk
4
σzIxk . (S1)
For the above Hamiltonian the dynamics can be exactly solved, and the evolution of 〈σx〉 (when the initial state is ρ = |+〉〈+|⊗ 12 I,
i.e. we consider the nucleus in a thermal state) reads
〈σx〉 = cos
( flAxk
4
t
)
. (S2)
The above expression represents the depth of each panel (circles or triangles) in Fig. 1. of the main text.
VIII. FINDING Ω(t) FROM F(t)
The MW driving in Eq. (2) is Ω(t)2 (|1〉〈0|eiφ+H.c.), and its propagator for, e.g., the mth pi-pulse is Ut = e−i
∫ tm+tpi
tm
Ω(s)
2 (|1〉〈0|eiφ+H.c.) ds.
During the mth pi-pulse, i.e. in a certain time between tm and tm + tpi, Ut has the following effect on the electron spin σz operator
(in the following we call σφ = |1〉〈0|eiφ + H.c.)
ei
∫ tm+t
tm
Ω(s)
2 σφ dsσze
−i ∫ tm+ttm Ω(s)2 σφ ds = e(i ∫ tm+ttm Ω(s) ds)σφσz = cos ( ∫ tm+t
tm
Ω(s) ds
)
σz + i sin
( ∫ tm+t
tm
Ω(s) ds
)
σφσz. (S3)
In this manner, we can say that F(t) = cos
( ∫ tm+t
tm
Ω(s) ds
)
while the other spin component, i.e. the one going with
sin
( ∫ tm+t
tm
Ω(s) ds
)
, does not participate in the joint NV-nucleus dynamics for sequences with alternating pulsesS1 such as the XY-
8≡XYXYYXYX pulse sequence we are using in the article. Now, one can easily invert the expression F(t) = cos ( ∫ tm+ttm Ω(s) ds)
and find Ω(t) = ∂
∂t
arccos[F(t)]. The latter is the expression mentioned in the main text.
IX. CALCULATION OF fl COEFFICIENTS
A. Coefficients for extended pulses
The analytical expression for the coefficients fl is given by
fl =
2
T
∫ T
0
F(s) cos
(2pils
T
)
ds, (S4)
where T = 2pi/ωM. With a rescaling of the integrating variable given by s = xT/2, this is rewritten as
fl =
∫ 2
0
F(x) cos (pilx) dx. (S5)
The function inside the integral is symmetric or antisimmetric w.r.t. x = 1, depending on l been odd or even. This can be easily
demonstrated by using F(x + 1) = −F(x) and cos (pil(x + 1)) = cos(pil) cos pilx. Thus, if l is even and the function is symmetric
w.r.t x = 1, the value of the integral will be zero. Anyway, one can work a general expression for Eq.(S5). First, we can divide
the integral in two parts,
fl =
∫ 1
0
F(x) cos (pilx) dx +
∫ 2
1
F(x) cos (pilx) dx, (S6)
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FIG. S1. Plot of F(x) and cos (pilx) (where l = 13) functions between x = 0 and x = 2, corresponding to t = 0 and t = T respectively.
and substitute x for x + 1 in the second integral. Using the symmetry properties specified above, the equation reduces to
fl = (1 − cos (pil))
∫ 1
0
F(x) cos (pilx) dx. (S7)
Now, from x = 0 to 1, F(x) can be divided in three parts defined by τm ≡ 2tm/T and 1 − τm,
fl = (1 − cos (pil))
{∫ τm
0
F(x) cos (pilx) dx +
∫ 1−τm
τm
F(x) cos (pilx) dx +
∫ 1
1−τm
F(x) cos (pilx) dx
}
, (S8)
and the integral in the middle is zero for the extended pulses. This leaves us with the first and third integrals for which F(x) is 1
and −1 respectively, obtaining
fml = (1 − cos (pil))
{∫ τm
0
cos (pilx) dx −
∫ 1
1−τm
cos (pilx) dx
}
, (S9)
that leads to
fml =
1
pil
(1 − cos (pil))
{
sin (pilτm) + sin (pil(1 − τm))
}
. (S10)
Using sin (pil(1 − τm)) = − sin (pilτm) cos(pil) and sin2 θ = (1 − cos (2θ))/2, the expression for fml reduces to
fml =
4
pil
sin4 (pil/2) sin (pilτm). (S11)
Now, by using the relation T = 4tm + 2tpi, fml becomes
fml =
4
pil
sin4 (pil/2) sin
(
pil
(1
2
+
tpi
T
))
, (S12)
where tpi is the duration of a pi-pulse. Eq.(S12) is equivalent to Eq.(10) in the main text. To prove that, one may use the
trigonometric identity sin(θ + pil/2) = sin (θ) cos (pil/2) + cos (θ) sin (pil/2) which leads us to
fml =
4
pil
cos
(
pi
tpi
T/l
)
sin (pil/2), (S13)
as sin4 (pil/2) cos (pil/2) = 0 and sin5 (pil/2) = sin (pil/2).
B. Coefficients for top-hat pulses
For calculating the value of fl coefficients in the case of top-hat pulses, we just need to sum the contribution of the second
integral on Eq.(S8), which is not zero for top-hat pulses. The value of F(s) during the pulse can be written as
F(s) = cos [pi(s − tm)/tpi], (S14)
3where tp = tm + tpi/2. With the rescaling of the integrating variable introduced in the previous section this is rewritten as
F(s) = cos [pi(x − τm)/τpi], (S15)
where τpi = 2tpi/T . So, we need to solve the following integral∫ 1−τm
τm
F(x) cos (pilx) dx =
∫ 1−τm
τm
cos [pi(x − τm)/τpi] cos (pilx) dx (S16)
which is not zero. To solve the integral, we can displace the reference frame by a factor of τp = 1/2, by the change of variable
x = y + τm + τpi/2 = y + 1/2. Now, the integral will be centered at zero and will look like∫ τpi/2
−τpi/2
cos [piy/τpi + pi/2] cos [pil(y + 1/2)] dy = −
∫ τpi/2
−τpi/2
sin (piy/τpi) cos [pil(y + 1/2)] dy, (S17)
and using cos[pil(y + 1/2)] = cos (pily) cos (pil/2) − sin (pily) sin (pil/2) becomes
sin (pil/2)
∫ τpi/2
−τpi/2
sin (piy/τpi) sin (pily) dy − cos (pil/2)
∫ τpi/2
−τpi/2
sin (piy/τpi) cos (pily) dy (S18)
where the second integral is zero owing to symmetry reasons, i. e.
∫ a
−a F(x)dx = 0 if F(−x) = −F(x). Again, because of
symmetry arguments, the first integral is
2 sin (pil/2)
∫ τpi/2
0
sin (piy/τpi) sin (pily) dy, (S19)
which using trigonometric identities reads
sin (pil/2)
{ ∫ τpi/2
0
cos (piy(l − 1/τpi) dy −
∫ τpi/2
0
cos (piy(l + 1/τpi) dy.
}
(S20)
Solving the integrals one gets
−1
pi
sin (pil/2) cos (pilτpi/2)
{ 1
l − 1/τpi +
1
l + 1/τpi
}
, (S21)
which is simplified to
2lτ2pi
pi(1 − l2τ2pi)
sin (pil/2) cos (pilτpi/2). (S22)
It is straightforward to prove that the sum of the three integrals in Eq. (S8) gives
f thl =
4 sin (pil/2) cos (piltpi/T )
pil(1 − 4l2t2pi/T 2)
, (S23)
which correspond to the expression written in the main text.
X. ENERGY DELIVERY
The Poynting vector, that describes the energy flux for an electromagnetic wave, is given by
~P =
1
µ0
~E × ~B, (S24)
where µ0 is the vacuum permeability, and ~E and ~B are the electric field and magnetic field vectors at the region of interest, i.e.
the NV center. The latter, in the nanoscale, is sufficiently small compared with the wavelength of the microwave (MW) radiation
to assume a plane wave description of the radiation, so the magnetic field can be written as
~B = ~B0(t) cos (~k · ~x − ωt + ϕ), (S25)
4where ~k is the wavevector and ω the frequency of the microwave field. We will also assume an extra time dependence B0(t)
whose time scales will be several orders of magnitude larger than the period 2pi/ω. From Maxwell equations in vacuum it is
derived that, for such a magnetic field, ~k · ~B = 0, ~k · ~E = 0, and ~E · ~B = 0. From the equation ~∇ × ~B = 1c2 ∂~E/∂t, it follows that
~E = c2
∫
dt (~∇ × ~B) = −c2
∫
dt (~k × ~B0(t)) sin (~k · ~x − ωt + ϕ). (S26)
We choose ~B to be perpendicular to the NV axis (z axis), specifically, on the x axis. The control Hamiltonian, is then
Hc(t) = −γe~B · ~S = γeBx(t)S x cos (ωt − φ), (S27)
where ~S corresponds to the spin of the NV center, γe is the gyromagnetic ratio of the electron and ~x = 0 the position of the NV.
To recover Eq.(1) of the main text, we require that
√
2Ω(t) = γeBx(t). The magnetic field vector at ~x = 0 is then
~B(t) =
√
2Ω(t)
γe
cos (ωt − ϕ)xˆ (S28)
and the electric field is, from Eq.(S26),
~E(t) =
√
2ωc
γe
∫
dtΩ(t) sin (ωt − ϕ) kˆ × xˆ, (S29)
which, using the wave equation ∂2 ~E/∂2t = c2∇2 ~E = ω2 ~E, converts into
~E(t) =
√
2
kγe
∂
∂t
[
Ω(t) sin (ωt − ϕ)
]
xˆ × kˆ. (S30)
A. The case of top-hat pi pulses
For top-hat pulses we have that ∂Ω(t)/∂t = 0, thus, the energy delivery per unit of area we obtain for top-hat pulses is
Etop−hat(tpi) =
∫ tpi
0
dt|~P(t)| = c
µ0
2
γ2e
∫ tpi
0
dt Ω2 cos2(ωt − ϕ) = c
µ0
Ω2
cγ2e
∫ tpi
0
dt
{
1 + cos (2ωt − 2ϕ)
}
, (S31)
which gives
Etop−hat(tpi) =
c
µ0
Ω2
γ2e
{
tpi +
1
2ω
sin (2ωtpi − 2ϕ)
}
. (S32)
The second part of the formula is upper bounded by (2ω)−1, which , on the other hand, is several orders of magnitude smaller
than tpi, thus negligible. As tpi = pi/Ω, Eq.(S32) can be rewritten as
Etop−hat(tpi) ≈ pic
µ0
Ω
γ2e
, (S33)
meaning that the energy increases linearly with the Rabi frequency.
B. The case of extended pi pulses
To study the case of an extended pi pulse, we need to calculate both terms on Eq.(S30), which are non zero in general. The
complete expression is given by
Eextended(tpi) =
c
µ0
2
γ2e
∫ tpi
0
dt
[
Ω2(t) cos2 (ωt − ϕ) + 1
ω
Ω(t)
∂Ω(t)
∂t
cos (ωt − ϕ) sin (ωt − ϕ)
]
. (S34)
As a final comment, for all cases simulated in the main text we find that the second term at the right hand side of Eq. (S34) is
negligible, thus it can be written
Eextended(tpi) ≈ c
µ0
2
γ2e
∫ tpi
0
dt
[
Ω2(t) cos2 (ωt − ϕ)
]
. (S35)
5C. Equivalent top-hat Rabi frequency
To calculate the constant Rabi frequency leading to top-hat pulses with the same energy than extended pulses, one has to equal
Etop−hat(tpi) = Eextended(tpi) and extract the value of the constant Ω. With Eqs. (S33, S34) one can easily find that
Ω =
µ0γ
2
e
pic
Eextended(tpi). (S36)
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